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preface 



hin)rrlu'fh mv {\h\>\v\\\\w now liiik^ InMWiHMi im» »in(l 
Ininuin phyMolnHY. HlluTh »irp invfMiH»ilinH ii^MiiiihiKii «il 
(MH |H of ninU)r rnnirni, Usinn rninpultM Minuliiliud oIImm 
M)|)liisiirnUMl Uh h(ii(|Mi^h, hionuH h»)nit s ios^mk Ihms tinti 
inn iH^v WMys lo »)ni^lv/o Iniiniin niovi'nnMil, (vmiIi ni 
n»nt'WMil inU'msl insni rnluir»il, iiml psvi luiloHic .)! tVippi h 
dl' niovtMiionl, »i ViiM, hiwhly sptM hiulv nl knowloilnp 

Miifiy pliyhit ,il (Hlurnlinn Nnu Iums w.inl In iim» .)n(l nppiv 
inlnrin.ilinii p»irli( uliiiiy rplcv.uil lo Ihi'ir lo.u hiniV II nol on 
(•thy Uhlv, l lu' c|UiUilily til h^msih h ,ilono wnuld ri«(|iiiip a 
(l.nvn U) dusk rPiulinn srluHlulo, Tho spiHiall/iHl niiUinMif ilu» 
rfsiMri h UmuIs lu ni.iko II dllTU nil lor ^\ l.iyiuMson lo i oinprr- 
h(>nd fully. And finiillyr lltllo work litis Ihhmi dlrtu UmI loward 
.ipplyin^ llip rosiMrtli lo llu» \mw (oiuimms ot 

UMchorsin lIuM'iold. rhuslhohurH('oiiinHl>odyol inl'orin.Uion 
,w.illiil>li» to rcworchors ,ind »u'iukMnii'iiUis \us had lillk^ inb 
PtU'l on physical oducaiion proHr.uiis in llu* field. 

Thu l^asic Stuff series is the culniin.Uion of llu^ Nation. H 
Association for Sport and Physical Hducation efforts to ( on- 
front this problem. An attempt was made lo identify l)tisi( 
knowledy;e relevant lo pliysic al education pro^rtims and lo 
present that knowledf^e in a useful readahk* formal. The 
series is not concerned with pliysicnl education curri( uluni 
(lesif^n, Init the "hasic stuff" concepts are common core in- 
formation porvadinH any physical education course of siudy. 

The selection of knowledge for inclusion in the series was 
leased upon its relevance lo students in (physical education 
programs. Several common student motives or [uirposes for 
parlicipation were idenlifit^d: health (feeliny; f;ood), a|)pear- 
ance (looking good), achievement (doing belter), social (gel- 
tir1g along), aesthetic (turning on), and coping with the envi- 
ronment (surviving). Concepts were then selected which 
provided informtition useful to students in accomplishing 
these purposes. 

The Basic Stuff project includes two types of booklets. 
Series I is designed for use l)y preservice and inservice 
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Umi ln'n 011(1 HiiiM'>h 111 |),)ni|)hl(»h (oiKPiiifnM HIm i 
pli'Mn .iiisr> t'M'i(r>(' |)li\sH)hm\. kiiu'^nihuis , iiiolni tin 
^<'l'»l'">''iil t'liH niiilui liMiniiiM, ^oi i,il hulni'ji ,)| ,i^i|mm h 
MMisniH'Mi. viiifl lUMMMiiiMii inihp lniii)rinilii^ (,lll, hhhii\, 
l''"'"^''»plu I llin^ iiiM M'liP') Min)ni,]iu'M^ inlniiiMiinn nn ^lii 
ili'iil |)tii|inM>v Si'iip^ II hjKmlMM^iUMl liH ihi'h\ hMi Ihm^ I nil 

^Mlll .1 jtlllMM'lIt hu llv llllKP h,in(lll(Hlls'i .]|n IIK lillltMl: iMlK 

' lull Hum it I: ( hildhiHiil; tiilnIrM iinr. I ,n h iIi'm iihp^i ns.ini 
|'l«''^ nl iir^liiM iHMi.il ,11 ItMlii's whii li ioiild Ih' ummI III hMi h 
• ipi'i^'l'ii'il'' pliN'^n iHliH (iliMii I nnirph Id cii h JV'»U|i 

l''»'<li'^»'ln|Hiii'iil (It th(» ll.iMt Mull M'lin^ h.pi h(M'i) ,i ( \ n\\) 
»'i''liN'' (*il»nl (il liMiihni M h(»M"s ,111(1 |Mihli( hi h(i(^l U\\{ hcih 

hdl.ii^ |)i(i\ liliMl lliiM'\|H>iihM 111 ih(' [ nnlciil .iMMs.ind in Ihc 
'l»'^''l"l»"iiMil nt iiiMiiu ImmmI iii.ihMMh, Piihlh m hodi 
I''*'' ln'i^' kIcmIiIipH irlr\,iin (< hi Mtulcniv llrhl IiMimI iiiMiiii 

"'"'♦ll '1' I IN ilU'V ill 1(1 I 'in UllM.mMl 1 1 It I Si IliiLlls Id w iihi hii 

vH'mi'mI miih'ihMinliiM;. 

II^C llHIIMl Ml Ihr hlMlklphi S\,1S llnMi^lKMl |d Ih' lilM ,10(1 

*"'ii»*'^ I 1^ Mum lull il .IN .1 i|ih*sluiii ,inil ,in'i\\iM 
ili.ilnf;ur Iu'Iwimmi siudtMiis ,in(l ,i icuhni, Siim.h || ton- 
liiiiips this (Miiph.isis will) Ihi' intihinn ol knowliMl};!^ intd ih<' 
wnihl (It |)hN'su,il rdiii ,)ti()n iiisiiuUiniul piof^timv Our 
iMijH' is (li.ii thn l^asit sum surii's (.in'lu'lji to ni.ikr this 

Si tMl.llMl ^1 KSllllS', 

I itul.i i , It.un, / (///oMu/ ( i\n)n)ituv 
I lniv(»isiiv ol I louslon 
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foreword 



(1)0 \W{ luinii"! iDoviMiUMii. I hh hciunrt^ \^ ^ 

inn MkiwIimIi^p 01 ihi» niHifonuihrultH' nknitiol hVhtMin^ {\\ 
Ihn hinlv wtHI »ih ih(» MMiHiial (MiviinnnuMiMl Inrro^ whu h 
,iIUm I nmlinn, IhnhMMoDHiiiH Imw iho hmlv nuwt^^ ♦)n(l lli'^^ 

th.in ivIvinM nn lii.it ml nnoi pun iMlniv^, 

I hi' in(ni ni,)iinn ri)ni»)ifHMl in \hv itjIlnwiuH P^'H^^'^ i'^ Ii.immI 
on ihi^ |)HMniM' (ImI ninviMDonl ol any kind inilialiMl. rnn- 
IioIIimI, ,in(l Mnpp(Mt hy \\m\ v nl im*^ Mn<l or .inollKM, In 
iindmM.ind Ihn "liow" .uid "why" ol pllk iunl nioviMiUMil 
ntHMK In know lhi» kinds i)( (nn i», Ihoir nriHlns, Ihoir i^lltM (s, 
iind how W(* ran ii(ih/t' llioin in (Uii oi|y^1nl.1}^<^ 
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CHAPTER ONE 




What Do You Have To Help Me? 



Tort 0 h notMlod to 
motiort 



\\wr\\i\ is ii rt'sisl.uuo 



Sim t» I'oK 0 is i^MMiliiil lor oil inovtMiuMit il K lin|)orUin( (o 
iiiuhusMnd how il K inilKiU^d iiiul bow II iiUVi is inovtwiuMil. 
I ()!( (» is KMjuinul to juil hody to inolion, lo chjiiHi* llu* 
(|jr(»( lino in whic h .m ol>|(*('l inovi*s or llu^ s|)(uhI m whic h ii 
loovis, iind los|()|),ui ohj(»('l whit h h<is h(»(Mi inovinH' Torco is 
invisihlo, )v\ il Ciin hr iVIl, llu» i^flVcIs of foic ( tin In* s(UM1 .huI 
nuMsuu^d. Torci* < ,in Ix* (l(»sc'ril)(Ml in tornis of iis nhiH'^i^uflc*, 
its (lir('( lion, find the point M which il is iippliful. 

All hodii^s poss(^ss in(*rtiii. Iiu»rli.i is r(»sisl,uu'o lo ('luiMMtv 
In(^rlii) is tluil property l>y virluo of which a hody, if M rvs\, 
tends to HMiuiin so, or if niovin^, tends to conliniio in motion 
in i\ striii^ht lino, unli*ss iUIihI upofi l>y s(>nHM»xli»rn,\l forc:o. A 
hody which is M rest tends to sttiy dt rest and possossi»s rvnif)^ 
invrtii), A hody which is moving possesses inorliti of motion, 
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M( llui mI)|iii i unlobb It ii) t ouoUirat ttHl. \\ Iumi all toai'b at tin^ 
I^h:( tn ^) ilhtnriinn (lui nhitufv ^liajHi wifhuMl fnf^>^ 



How Do I Get It? 



m)\mm]\ MiiuiHiunl. i )\w h inu^nM/ forr^^ (ilhU wtm h i*^ 
PmhIih rit hv nnhi H» ^omnu iion) and ihu t^Minntl MHifa^ U 
fnu n ^^iirh a^ H»vni(v, inrliDM: ami (luiH rMi*iM»ifu^>: 
Hn(h inU^rnat oiiih^MtMnol iii.n lu) In put nhj^c h in 
million, lnal(nrihn(M(hnh)h|t'( hinniniion.andlnhlnwnnn 
M(i|) dm niDvrnu'nl iif nhint ih. 



Why Does It llAppen That Way? 



niiMlur In body 



M.lss - 

vvclKht + Kf.ivlty 



I n raiisn a fvMinHt)hi(H I In ninvn, a hiiva nuiM appli^Hl 
whivh Is Htvoun Ihtin Iho innni»il ion nl Iho nhj^ i. Thu 
ninvonuMit will iIumi ( iir in ihn dinn linn In vvhk h Iho lortv 
is applk'd, loiMnnk hriolly y\\ lac lnrs whi( h alTiM I lorcn, Tht^ 
Inrnuila fnr Inrct^ sl,iUj^ lhal fnn u ^ moss x at'colortHlon. 
/ on 0 is ihmMoro iho pmdnc I ol iho mass of on olijnri and Iho 
spn(*d Willi which ll is movlnH- Thu aiiiouni nf fnrro can, 
ilKMtMoro, ho ronirolind hy allnrlnn llu' spotnl of niovomunl 
an(//r)f Ihn mass of iho ohjtn I. \/ass is llin anuuini of hody 
mailer whli h rosisis a ciiaoHo of mulinn. A('( oloMllon Is llio 
rain of c hanKO in llu* hody vnlru ily. Tin* ono faclor which Is 
usually I lianHod Is the aniounl of s\)iV(\ since* llio mass is ofion 
nol amon.ihk* lo ( haiiHO. Mass ivofinn used inlerc iuinncMhly 
Willi woiMht. 

Mass and woIhIiI an* relalinl hul nol synonymous lornis. Tlio 
relalionship is ^ivon in llio formula: mass - weiHhi/H. The 
W(*lHht of an ohjecl is iho force wilh which Kravity is pulllnH ll 
lo Ihe e^irlh. Welkin scales indlcale llie Kriivilational force 
exerled on a hody. For exani|>lo, If your woIhIu Is 1 50 |)oun(ls, 
a ^ravilalional force eciuivalent.lo ISO pounds is holding yo\j 
on the earth. A classic example of mass and weight is the 
chang'? of weight of a body on the eartti amj on the nioon, If a 
person weighs 1 20 pounds on the earth, tne weight when on 
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V UKi i) fU) ATMS i> U)i' >.iiiU' ifU: ;n U > ..A xUi' 

MMi lilt! Ml Oui ^ii.ii h tiiwa^ (iLtii ihai w( uu: ^n^^'riH in»! 
• aU^ Ml MUiU'HHMil vv iil Mr |i 

lit iMMn^} Ml ju.K \\i .»( v)()piK aUiMi an M^iH^ i'Miani Ml U»r 
n ialhin-ihiib lufv t» tM.|>^ aiut ai v I'U^faiiuii t xj^lairiN a 
laK*'^ iWWi^i (MfM^ !m ji^l >i i^) h <'i \tU\\ H jIm^ ^ IImMh > 
sMllhvill itui ^aiii?^ ilhiaMM' anti vvliv A hall jiMi-^ lafihor vMii^a 



What Gli§7 



Inl^rotil ton U 



IHill, not iHi^h 
iirrimKi'il In 



Ufult^Mantl how ilu* fiuht ai*^ vUfaoH^H) it) \miu (lu^ 
nuhi It*^ an^ Out ninhus" iM pMWiM ^uuftk^ ini \\w miUhov^I 
hutt* vvhirh ninvo^ ihM hotlv- Ihii^ irMMrn>il imim^ h (irn^jMHHi 
ihfMMHh nniM lo tonl^u linn 

Mih( lo^ aHa« /i In llu^ hniu*-* Ml llu» biHly ()v lh«^ 
liMiMun Ht>ni^f»)iiMl hy tin* t onlfa* lion of a niu^i jvapplUMl 
lhi» hMni* al luunt ot ^Whu hnn^m ur Iho t^Mul«Hr MiiM U*^ 
( MM only "pull" nol '*()u^h** ^oinun l»»^ aio if uin»t in fum liut^.^l 
p»itrv vshiili o()pMM^ iM(h t)||u*f, fof i^v.unpliv iho hui^p^ 
hr.u hii, aiul olht^r nnist h'^ whit h afi> loi aUnl mm Iho .lo^v/of 
(Ironi) a^piH I i)f iho arni will llo\ iho lortMnn ^^^aiiM rPMMaiu t» 
.iiul Ihp (ri( t*p^ l)» H hii lMr»i(tHli)n ihi» po>hv/o^ (Inu ki a^piH i 
ol (lio lUin will i^Mt^iid (hoiofiMrin an^unsi rt*Ni^uin(*tK In nitni 
insKiiu t^s, ilu» Ih'lly, thi» ronlNc lito [)of(ion \)\ iho mun li> is 
U)i i\\iH\ iU)t)vo Iho joint at vvhi< h tlio nu)vonu'nt will ou Mf. 
I ho nuist lo hulk of tho onlorior thinfi ()fO(lui/os rnoviMiu»nt of 
Ihi^ loH til tho k(UH» joint. Ilu» nujM lo l)ulk of tlu» poMt»rior k% 
or ( alf, pro(lu< OS nu)v<uiu'nl of iho foot M Iho tinklo, 
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Muscles can change 
the angle of the joint 

Flexors decrease the 
angle of a join! 



Extensors cause the 
return from flexion 



The top of the foot 
moves toward the 
front of the leg in 
dorsal flexion. For 
plantar flexion the 
foot moves in the 
opposite direction 



fn the upper limb and on the trunk, the muscles located on 
the anterior aspect of the bones are the flexors. That Is they 
will reduce the angle at a joint from that present in the normal 
standing position. Another way to think of flexion of a body 
segment is to remember that this is the movement which 
occurs when the segment moves forward when standing with 
arms at the sides, palms facing forward. For example, flexion 
at the neck brings the head forwariJ-<is when you tuck your^ 
chin on your ches^. Flexion of the spine occurs in the usual 
sit-up exercise. Flexion of the arm al Ihe shoulder occurs '\n 
reaching for the salt shaker in the center of the table. When 
flexion occurs at the knee the foot moves backward toward 
the buttocks. 

The muscles on the body posterior produce extension. The 
muscles of the back straighten the spine as you return to a 
standing position after tying your shoe lace. Extension can be 
defined as the return from flexion. The large muscle of the hip, 
the gluteus maximus, extends the thigh as a bicycle is pedaled 
up a hill. The muscles and tendons on the posterior of the 
forearm extend or straighten the fingers and wrist. Some of 
these musclQS can hyperextend the wrist, taking it from the 
straight' or extended position to the position used when walk- 
ing on your hands or standing on your head. Hyperextension 
is movement of a body segment in extension beyond the 
straight alignment at the joint. 

At jiome point during early embryological development, 
the upper and the lower limbs lie in the same plane and the 
thumb and the great toe are the superior or upper parts of the 
hand and the foot respectively. The upper limb rotates la- 
terally (away from the midline) so that the thumb becomes the 
lateral part of the hand. The lower limb' rotates medially 
(toward the midline) so that the grefat toe becomes the most 
medial toe of the foot. This means that the sole of the foot 
corresponds to the palhn of the hand and that the top of the foot 
corre^sponds to the back of the hand, fn other words the top of . 
the foot is the back, or dorsal surface of the foot. Asa result of 
this rotation the ext'ensor muscles of the thigh and leg are 
located on the anterior surface relative to the bones of the 
limb. Extension of the leg at the knee causes the leg to come 
forward as in kicking and extension of the foot at the ankle 
causes us to point our toes as a gymnast does or to stand on 
''tip toe." To avoid the confusion between the anatomical 
location and derivation of the* flexor and extensor muscula- 
ture of the.lower limb, movement at the ankle joint is.referred 




Figure 3: The muscles of the back straighten your spine when returning to a standing 
position after tying your shoelaces. 



r 




Figure 4: Hyperextension moves the bead beyond the straight alignment of the joint. 
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Abduction moves a 
body part away from 
the midline of the 
body. Adduction is 
the return from 
abduction 



Radial flexion is 
abduction of the 
hand at the wrist 

Ulnar flexion is 
adduction of the 
hanci at the wrist 



Medial rotation 
turns a part toward 
the midline of the 
body 

Lateral rotation 
turns a body part 
away from the mid- 
line of the body 

Lateral flexion is 
sideward movement 
of the head or trunk 

Forward tilt of the 
^ pelvis increases 
the hollow in the 
lumbar area 



to as either dorsal flexion, pulling the toes toward the anterior 
(front) of theleg, or plantar flexion which occurs when you 
walk "tip toe." 

Other movement terms which should be used in describing 
body movement are abduction and adduction, pronation and 
supination, rotation, lateral flexion, and forward and back- 
ward tilt. Abduction occurs at the shoulder and hip joint when 
the arm or thigh are moved away from the midline of the body. 
The umpire in baseball signals the runner safe by abducting 
his arms. Adduction is the return from abduction, occurring 
when the limbs are brought toward the body or returned to 
their position when standing normally. Abduction and adduc- 
tion also occur at the wrist joint. Because the hand is used in 
so many different positions it is often difficult to think in terms 
of movement toward the body as adduction and movement 
away from the body as abduction. 

To avoid confusion the movement of the hand which re- 
duces the angle at the wrist on the thumb side is called radial 
flexion or radial deviation. The radius is the forearm bone on 
the thumb side of the forearm. The bone on the little finger 
side of the forearm is the ulna so reduction of the angle at the 
wrist on the little finger side is known as ulnar flexion or ulnar 
deviation. 

Pronation and supination refer to the hand. The hand is in a 
pron^ted position when the palm is down and is in a supi- 
nated position when the palm is up. 

Rotation is the turning of a bone around its long axis. , 
Rotation is referred to as medial (inward) rotation in which the 
bone turns toward the midline or lateral (outward) rotation 
when the front of the bone turns away from the midline. 
Rotation occurs in the cervical spine (neck) as you shake your 
head "no." Medial rotation Qccurs at the hip joint when you • 
walk in a toed-in fashion. Lateral rotation at the hip produces 
the toed-out position of the feet. Medial and lateral rotation 
can also occur at the shoulder joint. 

Lateral flexion is the sideward movement of the head and/or 
trunk. The direction of the movement is identified by right or 
left. Movement of the trunk cannot be truly labeled abduction 
or adduction because the midi ine of the body is not stationary, 
but'is involved in the movement of the trunk and head. 

Forward and backward tilt are terms which identify pelvis' 
movement. In forward pelvic tilt, the crests, commonly re- 
ferred to as the hip bones, move forward and the-sacrum or., 
posterior aspect of the pel vis moves back and up. The forward 
tilt of the pelvis results in"a hollow low back and a protrudjng 
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Lateral pelvk till abdomen. Backward pelvic tilt is the act of returning from. 

raises one hip higher forward tilt and is accomplished by tucking the hips under. 

ihan the other Lateral tilt of the pelvis occurs when one iliac crest is higher 

than the other as is observed when a person stands with the 
majority of the weight distributed on one foot. 



How? 



Muscle 

characteristic'!* 
influence force 
production 



The number of 
muscles used will 
affect the force 



\ 



The size of the 
muscle will affect 
the amount of force 
possible 



Contraction of the body muscles provides the major source 
of internal force. The amount of force produced through 
muscle contraction is directly influenced by the individual 
genetic makeup and by the training and practice of various 
skills. There are certain factors which everyone can utilize to 
regulate the amount of force produced by muscular contrac- 
tion: 

1 ) The number of muscles used. To develop maximum force 
in a given direction use as many of the muscles as possible 
which will contribute to the movement in the desired direc- 
tion. Tension should be reduced in muscles which do not 
contribute in any way to the desired movement. For example, 
to shoot a basketball from a distance of four feet, the use of the 
upper limbs is probably sufficient to get the ball to the basket; 
to develop sufficientjorce to shoot the same ball from 25 
feet, the lower limbs must also be used. If the addition of the 
force produced by the lower limbs is not sufficient to get the 
ball to the basket, then rotation of the trunk will be used to 
increase the number of muscles which are contracting to 
execute the shot. 

2.) The size of the muscles used. Muscles of the lower limbs 
are larger in size than their counterparts in the upper lirjibs. As 
a result, actions which involve the lower limbs are more 
powerful than those involving primarily the upper limb. For^ 
example, ybu can kick a soccer ball farther than you can 
throw it. . 

Another difference in size is noted when the muscles of the' 
upper arm are compared to the forearm and the muscles of the 
thigh to the lower leg. The muscles of the arm and of the thigh 
are larger> hence stronger than the muscles of the forearm and 
of the leg.' .. - 

The Targer the diameter of the muscle the greater the force' 
potential of the muscle. In otHer words the force which^a 
muscle is capable of producing is direbly dependent upon the ' 
physiological crpss-section of the muscle; A physiological 
cross-section includes a cross-section ofalj the muscle fibers.- 
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Internal protection 
mechanisms can be 
used to increase 
force 



The distance 
through which a 
muscle contracts 
affects the force 
produced 



When considerable muscle force is needed, such as lifting a 
heavy box, you should use the strongest muscles possible. The 
strongest muscle group in the body is the quadriceps femoris, 
the muscles which extend (straighten) the leg at the knee. To 
lift a heavy box, for example, you should squat down as close 
to the box as possible so that the extension of the knees 
produces the lifting force, while the arms are used primarily 
for holding on to the box and bringing it closer to the body. 
Many injuries to the back occur when the person leans over, 
grasps the box, and tries to straighten up by using the back 
without first flexing at the knees so that the strong muscle 
group of the thigh supplies the lifting force as you stand. 

Training increases the strength of muscles. Not only do 
strong muscles usually improve performance, but they also 
serve to protect the joint against possible injury. Strong mus- 
cles must produce force to counter the forces which would 
otherwise tend to injure the joint structures, particularly the 
ligaments. The strength of the muscles used in a given activity 
dictate to a great degree the speed of movement and the 
distance through which the muscle shortens by controlling 
the length of the backswing or the depth of the crouch. 

3) The force of a contraction can be increased by first placing 
the muscle on stretch. Placing a muscle on stretch activates a 
protective reflex contraction. The quicker the muscle is 
stretched, the stronger the resultant contraction. A crouch 
before the jump upward or the backswing which precedes a 
throw are examples of placing muscles on stretch before 
contraction to utilize this reflex. 

Each muscle contains minute structures called muscle 
spindles which seek to protect the muscle from tearing as a 
result of being stretched beyond a safe range or length. The 
muscle spindle can be likened to a little radio in that it is 
constantly sending information to the brain concerning mus- 
cle length, the amount of tension in the muscle and whether 
the muscle is shortening or being lengthened. The muscle is" 
preset by a small nerve from the brain to allow the muscle to 
operate within set length limits. When the muscle is forced to 
exceed the set limits, the spinal cord "instructs" the muscle to 
contract to prevent muscle injury. 

4) The distance through which a muscle contracts can in- 
crease the resultant force. A muscle which contracts through- 
out its full range of motion has a greater opportunity lo 
develop more force than it could if it contracted through pnly 
a portion of its total range: A full backswing in tennis results in 
the generation of more force than does a half backswing if the 
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speed of the movement is identical. If you want to jump two 
feet, thedepth of thecrouch taken priortothejump is less than 
that taken when jumping four feet. 



Why? 



Genetic endowment 
sets upper limits on 
capabilities 



Mechamtal 
advantage can be 
gained by location 
oi muscle 
attachment 

Ratio oi muscle 
fiber types varies in 
different Individuals 



The specific locations, attach ruents, and types of rT|uscles in 
your body are determined by genetic inheritance. The (genetic 
endowment, or genotype, will set the upper limits in terms of 
the amount of strength that can be developed. Your genotype 
will also play a major role in determining the types of activities 
for which you are best suited. Some people are good sprinters; 
others excel in long distance running. Some people show 
marked increase in the circumference of muscle groups after 
lifting weights while others will be just as strong but will not • 
exhibit as great an increase in muscle bulk. In a vertical jump, 
some person can raise their reach only 1-2 inches above their 
standing reach while others may increase the reach to as 
much as 30 inches or more. Each individual needs to recog- 
nize what thegenetic limits of hisorherowrtphysiqueareand 
then goals can be set more realistically. Genetic inheritance, 
however, is only one aspect of performance. Practice and 
training are also very important for they help approach your 
maximal genetic potential. The increase in muscle size will 
not be the same for all individuals after training due to genetic 
differences. 

Individual differences in movement strength are also af- 
fected by the.point at which the muscle attaches to the bone. 
Muscles may attach closer to the joint in some people than in 
others. In general the farther from the joint the muscle at- 
taches, the greater the effective force, or joint torque, pro- 
duced by muscle contraction. 

Most human muscles contain three types of muscle fibers — 
fast, intermediate, and slow. The fast fibers are known as 
white or fast twitch fibers and can contract rapidly resulting in ' 
explosive movements. The slow twitch fiber, sometimes 
called red, is the endurance fiber. Red fibers contract less 
rapidly, but can continue activity for a longer period of time. 
Most people have a ratio of fast and slow musclejiber types 
that would fall within the40%-60% range. Excellent and elite 
performers, therefore, have a higher ratio of the fiber type best 
suited for their activity. Elite long distance runners have as 
high as 80%-85% slow fibers in muscles of the lower limbs. 
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A motor unit is a 
motor nerve and the 
muscle cells which 
it innervates 

Muscle fibers in a 
motor unit contract 
according to the 
"'all or none" law 



Motor units of the 
lower extremity 
contain more 
muscle fibers than 
those in the upper 
extremity 



-Those persons vvilh a higher percentage of fnsi twitch fibers 
in their lower limbs are the ones with great leaping abilities 
such as the 5M0" baskelball/player who can out jump the 
6^6" player. A muscle biopsy is necessary to determine the 
specific ratio of fiber types in a musclq. You may perform a 
very simple test to learn whether or not you seem to be suited 
for^sprint or for endurance activities. That test is the vertical 
junip — or jump and reach test. If you can increase your 
standing reach by over 18"-2Q", then you probably will do 
be\ter in sprint activities: These results assume that low mus- 
cular strength, obesity, or poor neuromuscular coordination 
are not the cause of the small inc(;ease,in the jump and reach. 
It has been shown that training may improve the efficiency oi 
contraction, but does not seem to markedly change IHq ratio 
of the fast contracting fibers to the slow contracting fibers. . 

Another factor which cannot be altered by practice or 
training is the number of muscle fibers in each motor unit, A 
muscle consists of bundles of.muscle cells. A muscle cell is 
called a muscle fiber. Several of these fibers are innerv^tedbr 
supplied by. a motor nerve. This is the mbtor unit — a motor 
nerve and the muscle fibers (celjs) which it innervates. The 
strength of a muscle contraction is determined by the number 
of muscle fibers in contraction at the same time,, When the 
motor unit fibers are stimulated to contract, they contracl 
maximally. The force of contraction is reduced by calling intc 
action fewer motor units. When a nerve impulse reaches the 
muscle, it innervates all the fibers of the motor unit whicK il 
supplies, A maximum muscle contraction requires all, oi 
nearly all, of the muscle fibers to contract simultaneously.'/^ 
maximal contraction can therefore be held for only a shori 
time, because the fibers soon fatigue, Submaximal muscle 
contractions in which only some of the motor units contracl 
can continue for longer periods of time because the motoi 
units can rotate in and out much as substitutes in a basketball 
game. A team that has only five players cannot play for as lon^ 
without resting as a team with substitutes. When substitute^* 
come in, individuals may have rest periods to recover the 
necessary strength to continue, ' ^ 

All motor units do not contain the same number of fibers 
For example, only two or three fibers composi;:^ a motor unit ir 
small muscles which control movements of the eyeballs. Sev 
eral hundred fibers constitute a motor unit in calf muscles o 
the leg. In general, there are more muscle fibers in the moto 
units of the muscles of the lower extremity than in the uppe 
extremity. That is why the hands are capable of finer and mon 
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|)rt»c:iso movtMiuMils ihtUi iho feel, The slreriKlh of conlriictlon 
of .1 sinnlo motor unil, Iho smnllosl unit of contmction, will bo 
^rotitor in the lower extremity thnn in the upper extremity, 

Throu^^h proelice, il is possible for sonie persons to lenrn to 
tonlrticl only ti sinwle motor unit M one time. Thus the reduc- 
tion of nuisele tension is thewonlof neuromuscuhu relaxation, 
M.iny persons con therefore improve their coordintilion by 
learning to contrnci only those muscles necessary to the 
execution of the task at hand and only to ihede^ree necessary 
to provide adecjuate sIrenKlh of contraction, A skilled player 
can eliminali,^ the extraneous movements in an action and is 
thus more efficient. 

In summary the following are inherited factors which de- 
lermine the magnitude of effective force which a muscle can 
produce: 

1 ) the distance between the muscle attachment and the joint 
axis of rotation; ' 

2) the ratio of muscle fiber types in. each muscle; 

3) the number of motor units in a muscle; 

4) the number of muscle fibers per motor unit. 



What Else? 



External forces will 
produce or alter 
movement 



/ 



If you were to move in a vacuum, you would be only limited 
by'the basic action of the muscle on the joint. But other 
external forces come to play on movement and influence it in 
a myriad of ways. Unless you understand these forces, your 
movements can be inappropriate, non-productive, and awk- 
ward. 

You must consciously learn to predict which force will alter 
your movements and become skilled in accommodating 
these conditions. Also in many sports, dance or in your daily 
movement tasks, you may wish to alter the environment so 
that it works with, rather than against you. An efficient per- 
formance demonstrates the control that the performer has 
over both external and internal forces. 

In the preceding section the internal forces which are pro- 
duced by muscle were discussed. Now, let us look at exter- 
nal fopces which produce and/or affect all movement. Proba- 
bly the first external forcelhat one thinks of is gravity. 
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on 



ohiccis to <he tcnlt'r 
of the Ctirlh 

Friction «lcvelo|)s 
whvn An oh|uct 
moves iiiro!i<i 
iinolher 

Waler ami tilr 
provitlu fiuid 
resistiincc 



CrtwHy is the forco which kuups us from ftylriH off Inlo 
s|)iu:u, II Is this j'mvilnlionnl forcu which hrin^^s ihu pole 
v.uillur hiick lo Iho pK, one! ihu thrown Imll down lo Iho 
Kround, 

Friction docs not uxisi unlll one surfnco moves over 
nnolhor, AtlhouKh friclion isn rosislnnco, it cnn ho huneflciot 
lo our niovomonl, Wc would h.wo difflcully w.ilkinH If wo (lid 
not htwo friction bolwoon our fool oncl iho ground. 

Fluid rvsistiVKv is iho third type of oxternol forco. Fluid 
forcos on nil objocis which moyo through tho air or 
through tho wnter. Fluid rosistanco enables the baseball 
pitcher to curve the ball ori its way to the plate. 



How? 



Size, shape, surface 
and speed of 
movement affect 
Ihe. amount of 
resistance " 



Drag refers to the 
resistance an object 
meets as it moves 
through a fluid 



When we are performing an action in which the force is 
directed downward, gravity is an ally anfl increases the speed 
of the downward movement. Gravitational force is not so 
helpful however, when we want an upward projection; Here 
the constant downward direction of the gravitational force is a 
resistance to movement which must be overcome. It takes 
much more effort to jump over a five foot fence thati it does to 
jump down from a five foot fence. Unless you are in a hurry, 
the only force that would be needed to jump down from the 
fence is enough to step off the fence. The force of gravity then 
brings you down lo the ground when you are no longer 
supported by the fence. 

While the force of gravity is often used to put objects in 
motion and to accelerate an object which is moving down- 
ward, the external forces of friclion and fluid resistance serve 
to slow the speed of movement and/or lo alter the flight path. 
The amount of resistance produced by these forces depends 
upon the size, shape, and smoothness of the surface of the 
object and the speed at which i; moves through the fluid. The 
fluid itself also affects the resistance. The heavier the fluid the 
greater the resistance. 

Fluid forces are drag, lift, and the magnus effect. Drag is the 
resistance lo an objects' movement through a fluid. This drag 
may be a result of friction or. of pressure. The surface of an 
object affects the friclional drag force. The smoother the sur- 
face, the less the resistance. Compare the changes in the 
clothing worn by the Olympic speed skaters in the 1980 
Olympics with that worn twelve years earlier. 
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Ilu' (Ir.iM force rcsullinH from prt-Hhuro in ,i funcilon (>• 
.irc.i ol ihu (il))(H-'l |)r('s(«nu?(l lo ihc ,iir or vv.ilor ,is ih« 
movi'HihrouKh ii, Thi's|nHMhkol(»r(lo(<H not hi.indur 
'.k.ilcs ihc cnlirc r.u o in n ihrnnl pohlilon, Th,.. i^mik fuMuls 
loiw.trd .11 ilu< hips .111(1 llu* h.ick Is kopi ,ih fl.ii ,ih possible), 

/ /'/( is Ihc lorce whic-h is porpofullcukir lo ihu p.iih of niollon 
ol .in ohj(.ci .IS ii niovtvH ihrouKli .1 fluid .mol is, iluMoforc, 
IX'rpondicul.ir lo iho dr.iK, || is ilu> lifi which koops ol)it'cls 
.liriioriic, Tlu> ski iiiiiipi-r st'oks .1 posiijon Ih.il will km-p him 
.iirl)om(' .IS lonn ,is possihio lo incr(>.iso ilu) disl.iiico of his 
lump. Friction .ind fluid rosisi.mco .irt> for^ros ihnl must bo 
ovorconit' or counlon-d liy i|il> forces buinn used 10 pul nn 
oliject in motion or keop il moving .il .i const.mt spood. 



Grdvity IS the cillraclion that the earth has for all bodies. 
Because of this attraction it causes objects to fall toward the 
center of the earth at the rate of 32 ft./sec./sec. Gravity is 
always acting and always acts in a vertical direction. In freely 
falling bodies the rate of fall due to gravity can be slowed by 
usmg the resistance of the air. A sky diver can alter the speed 
of his fall by using different body positions. Presenting a broad 
surface slows the rate of fall, as does the parachute, while the 
rate of fall is increased by falling feet first. . < 

The two types of friction most often of concern to human 
performance are sliding friction and rolling friction. Sliding' 
friction acts only when a body is in motion or has some 
tendency to start moving across the surface of another body. 
The amount of friction between two bodies can be modified 
by altering the nature of the surfaces and/or changing the 
forces that hold the two surfaces together. Some examples of 
situations in which we try to improve our grip by increasing 
the friction between two surfaces are the use of a golf glove 
the use of resin by the baseball pitcher, and wearing rubber 
soled shoes when walking on Ice. ^ 

In some situations, it is, desirable to reduce the friction 
between the two adjoining surfaces. The bowler wears a 
leather soled shoe on the sliding foot and the skiier uses 
waxed skis. The deck of a swimming pool becomes a hazard- 
ous place to walk when it Is wet because of the reduced 
"grip." Removing some of the books from a box which is too 
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KolliMHfrUllon 

ViuioH with Iho 
M)UiUi^ of llu^ 
velocily 



The LuKer Ihc 
ubjccl Ihc KrtMlcr 
the fluid rcHistance 



lunwy U) push dcrohs llu^ I'lonr In us.unplt-^ ol how iIh« 
,)ni(Hinl of slldiiiK Irirllon (h nffocunl hy ch.umiiiH iho I'orrus 
vvhiiii hold iho ivvo HurfiUHMi lonolhor, 

l<olliin\ (rlrlhn in Iho rosuH of Iho dolorm.^lidn (il Iho iwn 
surku t^s. riold htuisoy pliiynrii nuiM hil Ihuhiill h.irdor whon 
pKiylnH (mi .1 iV^ld wilh UyW wum Ih.in vvhoii iho Hr^^^H h.is Iuhmi 
itH'ondy rul or vvIumi lh(»y .iru playing on on iislro-lurf lypo 
surl\u o. 

Mr tvshumiv Is niosi oI'hmi diouHliI of .is wind. This, how- 
ov(»r, should (lol ho a synonymous us.iK*- Iho .^hsonco of 
wind, idr roslsMnco Is Incroosod hy incns^slnH Iho spooci wilh 
which you niovo. You h.wu prohiihjy oxporioncod Ihis hy 
holding your hiind out iho window of n movinn cor. Whon a 
c.u is ir.wohn^ M 2{) nillos nn hour, lilllo rosisuuu 0 is nollrod, 
hul whon lh(^ CiU is iravolioK *H) mllos m hour, consldorcibly 
nioro nuiscoliir offori is roquirod lo koop your hnnd in posl^ 
lion. Fluid rosisUinco Vcirius wilh iho squaro (if Iho volocily, 
This is iruo in iho air or in wnlor, In iho oxamplo jusl cilod iho 
spood was doubknl which moans Iho air rosislanco incroased 
four limos. 

If! aclivilios which arc hold oul-of-doors, wind can have 
eilhor an adverse or a positive effecl on performance. Running 
in^o the wind results in slower progress whereas riding a 
bicycle uphill with the wind blowing at your back makes the 
hill climbing much easier. In general the larger the object, the, 
greater the air resistance (drag), In this case there is a larger 
surface presented for the air to push against. You have proba- 
bly experienced this when you held your hand out the car 
window, When a car is moving fast, less resistance is felt when 
the fingers or the side of your hand is held into the wind than 
when the palm of the hand is facing forward. 

Swimmers use drag to their advantage when they place 
their hands so that they can "grab'' on to the water. The palm 
is facing the direction opposite that in which they will move. . 
In actuality, the swimmer "holds" on to the water and "pulls" 
the body over his hand. you paddle a canoe or row a 
boat, the same thing is done. You present the broad surface of 
. the paddle or oar to the water so that maximum resistance 
(drag) will be encountered. As you apply force to the paddle or 
oar, the water resists and the canoe or boat glides through the 
water. 

To reduce the resistance of the water, the canoeist "feath- 
ers" the paddle on the recovery by turning the edge of the. 
paddle to the water. This reduces the amount of surface area 
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()r(^s(Milo(l U) iho wiiU^r m\ nulut us lh(^ (lr«iK, Tho nvvlmnit^r In 
llu) rtHovory pl^sc^ of iho sidi^ siroko riHhici's ilu» surCic u ,ir(M, 
♦ind luMio\ Iho (Iran »is iho hnnd "smMks" l^ick lliiouKh ihu 
vvnicr hy hnulinn vviih Iho finM^^r lips, ' 

Iho MiiHiHis olforl (^xpliiins how hnlls cui curvo ns ihoy 
ni()V(^ IhrouHh iho M\\ This cnpiicily lo curvu Is doslmhlo If yoii 
»ir(^ llu' sofllvill plichor, whomns, n lon^ fly ImII which ourvus 
Iniil Is noi ii()()roci»ilod hy ilu? Iniiior, 

Wh(>n »i l)ody lOMK^s, ll londs lo (.\ury wilh ll iho fluki which 
is In oonl.icl willi lis siirfoco. Tills "oovorlntr of fluid nffools 
llio fiuid 1I11II il .uijoins, WiuM) iho fiuld "covodnH" nnd llio 
fiuid iluouMh which llu? ol)joci is nmvInK nro moving in ll)o 
s.inio dirocllon, on mu) of low prossuro Is creoiod, 

Wluni Iho fluid "covorin^" is nuwinK in .) diroclion oppo- 
silo thdl of Iho fluid through which iho objoct is spinninn afi 
.iroii of hif^h prossuro is crooled, This difforonce In pressure 
onuses the ball lo move in iho diroclion of iho low pressure, 
Whelhera hall niovinH ihrou^h the air exhihils top spin, back 
spin, or sicio spin depends upon where ihe areas of high and 
low pressure are located relative lo the fliyhl path of the ball, 



What Else? 



The point at which 
the force is applied 
affects the action 



When force is used to produce, to stop, or to alter the 
motion of an object, the point at which the force is applied to 
an object is important. If the object is to move in a straight line 
or in a linear fashion, the force must be applied through the 
center of mass of the object and the entire object must be free 
to move. If an object is resisted at one edge, like the page of a 
book, the only possible type of motion is rotatory, around the 
bound edge of the page. 

Another way in which rotation can occur is when the force 
is not applied or received through the center of the object's 
mass. An off-center application ofTorce is used when spin or a 
rotating action is desired. Baseball pitchers; and batters, are 
very familiar with the use of spin to make the ball nse, drop, or 
curve as it travels to the plate. Rotation is also produced when 
a linear movement is suddenly checked. An example would 
be sliding on a waxed floor and suddenly hitting a rug. Sud- 
denly you find yourself moving head first, or attempting, in 
some way, to get your feet back under you. 
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Figure 12: An off-center application of force is used when spin or rotating action is 
desired. A center application Is used to move an object in a straight line. 
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How? 



Motion {H m^ 
whvn Ihv Umvi 
i\itinH on nn ohjtu t 
tm HMMltT in om' 
(lim tion than In 
anothf^r 



in nnp dimriion In iinolh^T, Tlu^ ohjpcl will niovp in Ihp 
dinu li()nnHhPHnMU'rfnr( o, VVIumi yoiilninifinntt^^Milvvniur 
wilh Itu) h(K k of your honil llu^ w\m lipn ovur, 

If iwo or m)w f(irt:ps nctlnn In ihu ^mo ilUmkm Ihpy 
n).iy ho IomIihI, I hus n hnlloon Ihiown Inlo iho iiir In Iho snmu 
(linM Hon Iho wind Is hlovvln^ will Imvut n dlsi.int'o o(|Ufd lo 
Iho viHocliy of pro|ocilon lind iho vol(u lly oi iho wind, 

Whon Iwo o()()osHo ionv^ ,u I on *in oI)|{hm, niovoinonl will 
o( cur in Iho diriH'ilon ol' iho toroo wlih iho wwMvr nitiHnlludu, 
A Holf hiilt hll Inlo ,i noi cousos iln* noi lo movo In Iho (llrocllon 
In whic h lh(^ hnit w.is irnvollnf^, 



Why? 



The moVUMKMlt |Mlh 

of an oh|vct h 
determined Uy its 
spctui of rotation 
and itH projection 
velocity 



Tho rosiili.inl molion or niovonuMil palh of <in ohjoct Is 
dot(M'nilno(l hy iho spood wilh which Iho ohjoct is q>lollnH nnd 
Iho spood with whicli ll is irnvollnH in a liorizontal dirocllon, 
Ttio slower tho velocity Iho nrealor will bo the dovUitlon from 
ti strolghl lino as n rosull of Iho spin force, A ball which travels 
faster reduces the effect of the spin, The effect of tho spin is 
seen earlier in a slow movlnf» ball, and late or not ot all on a 
rapidly moving ball. Sometimes o bnll Is cauf^hl before the 
spin has acted on the boll. The effect of spin and the rale of 
movement is easily seen on a bowling l)oll, Often the boll does 
not stay on the lane because the spin applied to the ball at 
release has caused the bnll to go into the channel (gutter) 
before reaching the pins. A ball which is delivered wilh too 
much linear spin reaches the pins before the spin force can 
act. 



What Else? 



Not ail of our movements are used to put objects in motion. 
There are many occasions in which we want to slop or to slow 
a moving object. The moving object may be your own body 
landing from a jump or a dive or it may be the catching of a 
ball or landing after a fall from a balance beam. 

The quicker the moving object is stopped, the greater is the 
risk of injury to the body or of rebound from the body. In some 
instances, we intend for a ball to rebound from our body such 
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iIh^ hiinip pni^H in volluyhnlh In thii^ ^^m, il \^ imporUmi in 
knnvv how In hIow down iho mhound In iIim ikm^n} u\U^ of 



How? 

liH'fM^^ ilUitiin'P rh(^ niovloK ohjtHi ho slovvod hy Ini ioaslnn tlu^ 

iMxi ^li^ o< lo ilisuuuo llwon^h which lh<» i)h|«Hl lotm^s oMor t onUu I, ahd/or 
iiiif<jlv .)hM)rh forviJ InnoanlnH lht> oi iht^ lUtm which Is ahsoihioK Ih*^ fnrjco of 
lh(^ oh|(Hi, I his will kc(M> tl^*- risk of Injury «ind iho t hnndus of 
ilu^ ()l)|oci rt^hoiindln^^ from lhi> hody lo n niininuim, 



Why? 

TokMimiho (^\U'hinH Involvi^s tho ohsorplion of forco of a inovinK oh- 

relMHiml, Increw jocl. A htill is not oflon c.uiHht if iho lumds and elbows atiJ stiff. 
ihi» illMance over I ho hall will I'ohoiind quickly from a firm surface, ospoclally if 
which force l« lo \w ihe hall Is appro«\chlnK at hlnh spml. A surface can he made 
AlhorlHHl less firm hy reaching for the hall and ''giving" ai the elbow 

and shoulder as the ball makes contact and by brlnslns the 
l)all and hands In toward the body. This Increases the distance 
over which the force Is absorbed. The distance can be in- 
creased oven more by allowing the ball to come along the side 
of the body. The distance can be Increased further by having 
the body weight primarily over the forward foot when ihe ball 
contacts the hands and shifting the weight to the rear foot as 
the ball is brought In toward the body. If shifting weight and 
permitting the ball to come behind the body still does not 
adequately dissipate the force, one must then attempt to step 
or to run backward with the object, ] 

Another way to think of Increasing the distance (hrough 
which a force is absorbed, Is to think in terms of Increasing the 
time'over which the force is absorbed. The first thing to keep 
in mind is to flex or to give with the joints when landing. You 
will then end in a crouched position asa resultof the flexion at 
the ankle, knee, hip, and intervertebral joints. If total flexion 
still does Dot adequately absorb the force, a series of rebounds 
into the air will increase the time of absorption. This h fre- 
quently seen when cheerleaders land from a jump or |eap and 
' absorb the force by one deep landing followed by two or three 

bounces which use considerably less flexion of the joints. 
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tiu ii\ i aU lun^ Uio Mali ;ii H;^; n.iiHb aiiii Uju a- 

>,iiiu Uau:> iUrnK' w dh UMh kiui^c ^KUi ^h^^k > wi 

iH r« Jiu- hail i iu^ i<t;iaMb Un-: isu^Mt 

i\i^^iU'^ M V huM^^ ituJ Mil Hlu;a MhiMtl |KU isH.iu) hv *^vU nu\^ 

Mill MMi Um(H hMVV lii IMH iii kJ^niihOly ah^Mih Ihti fMn Ihii 
laniliMit i iVfnt!.>M^ VioK^t^ Ifu ^^^^ pHiH m\ HU'H 
dw,}u svMh hnli^ iu lU) iU-^Mr^} ih itn? %}i \he. hw^K^ 

vv ilh mm, \m will mh^ ilu *u iU^>^ llu^ iMsnh Mf luu tui im 



WhAt lite? 



^111 r^lHuiml from >i 
iurf«ii9 In Iht? 
dimliun It U 



ot)|tH f : If) l>o!h I ,\^^^^ iho ff^hoMHil Of iHm 1*^1! u v^ikh Why 
iltu^NtUM'^kiMlMllwhu h hiluvivvHouhwUh^MliHUf^Miifnloilu* 
lhrovv**r^ i 

VVhal yiu* .)fo m^mo^ w) ,\\)i)\v \> iJn^ i^fffH I of 

^piM on llu» fi^houiul of objiMh vvIum) ihr^y tooi.n t ^) 
NO(i.ui», A hall will r*»l)0Mn*l wall Of flo»)f in |Ih> 

iliMH lif)n M Wiis ^pinoio^, or rolaiin^^, M oviKc*^ i oMt»H ( 
vvilh ilu» NUif.u o 



How? 



lo plav ^aUh with w)UfM*lf. vou must pg^h itu* InatcMn ot 
iht» l)aH away Uuws you so thai il splits tKKUvaftI; \\w 
lop of \hv ball s<vM)N to U» vo»MinH iMtk Upward you. VVhVn 
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Ihe ball hits the floor, it will then come back to you. The faster ^ 
the ball is spinning, the sharper the angle of the return. When 
Ihe ball goes to the side as you are bouncing it, the ball was 
spinning to the right or to the left when it contacted the floor. 
In other words, you did not push with equal force with both 
hcinds or if , you were using just one hand, you did not push 
through Ihe center of the ball, but off to one side causing the 
ball lo spin. . 

In order to cause a ball to spin, force must be applied to the 
ball off-center. This force can be applied by the hands, a. 
racket, or the foot when kicking. The source of the applied 
force is not important. The two factors which determine the 
behavior of the ball are where the force is applied relative to 
ihe center of gravity of the ball, and the amount of fprce 
applied. 

When the top of the ball is moving away from you, the ball 
is said" to have top spin. Conversely, when the top of the ball 
seems to'be coming back toward you, this is called backspin. 
These spins are occurring aroiind the horizontal axis of the 
ball and will alter the height and lenglh of the rebound. When 
the ball rotates around a vertical axis, as though the ball were 
on a rod which could bestuck in the ground, the spins created 
are called right (clockwise) and left (counterclockwise) spin. 
These spins affect the direction of the rebound but not the 
height or distance. 

Spin is applied to a ball by administering the projecting 
force off center. The diagram on page 34 may help you to 
unde/stand the spin which will result whgn force is applied at 
a specified point on the ball. In actual situations a ball is 
usually experiencing a combination of spin forces rather than 
only one. ^ . - 

If a ball is thrown with the projecting force applied at point 
1,, no spin will result because the force is applied through th^ 
object's center of gravity. This assumes that the ball is* per- 
fectly symmetrical. This is not always the case due to the 
presenc^ of infldtion valves and/or laces on the ball. Projec- 
tion forces concentrated at point 2 will result'in topspin/at 
point 6, backspin. Force applied at point 4 causes the ball to 
go to the left, at point 8, to the right. Points 3, 5, 7, and 9. 
represent locations which will produce a combination of top 
or backspin with right or left spin. For example, kicking the 
ball at the point 5 locatjon will apply back and left spin to the 
ball. When the ball lands, itwill tend to rebound slightly to the 
right and retreat. When a batted ball is contacted at point^9, 
the rebound will be to the left and away from you. The speed" 



and length of rebound are determined by the amount of force 
applied at contact. 



Theoretically the angle of incidence equals the angle of 
rebound. That is a ball with no spin will rebound from a flat 
surface at the s^jme angle at which it approached the surface. 
In actual practice this is rarely true but it will serve as a basis to 
explain how spin. alters the rebound behavior of a ball. 
. Three factors affect the angle of the rebound: 

1) spin that the ball possesses prior to contact; 

2) the amount of friction between the ball and the contact- 
surface; 

3) the amount of "give" to the ball which is known as its 
coefficient of restitution. ' ^ 



The faster ihe lop 
spin the faster the 
rebound 



An object that skids 
is not affected by its 
spin while skidding 



A soft ball will 
rebound lower than 
a hard ball given the 
same size and 
applied force 

Some energy is 
converted into heat 
at impact 



>pin in the direction 
}f flight will cause 
the rebound to be 
closer to the surface 
than if the spin is 
opposite to the 
iirection of flight 

tight spin causes a 
Kill to rebound to 
he left. Left spin 
rauses a right 
ebound 



The greater the forward (top spin), the closer the ball will 
slay to the surface from which it rebounds. A ball which 
possesses back spin prior to contact will rebound at a more 
vertical angle. Ifjhere is sufficient spin the ball will rebound- 
from the surface in the direction from which i( came. Skilled 
tennis players are able to apply sufficient back spin to a drop 
shot causing it to bounce back across the net before the 
opponent can get a racket on it! Top or forward spin also will 
increase the speed at which the hall rebounds from the sur- 
face. The more top spin the faster the rebound. 

The friction between the ball and the surface determines 
when the spin force takes effect. A ball which skids through its 
first bounce will behave as though it had no spin at all. The 
first bounce will reduce its forward. motion and the spin will 
then take effect on the next contact. Golfers hitting an ap- 
proach shot to a we;t green have experienced th is. The delayed 
effect of the spin force is also seen in ten pin bowling when the 
ball contacts the lane and skids several feet before beginning 
to roll. Spin on the ball'is ineffective while the ball Is skidding. 

A ball with a Iqw coefficient of restitution will stay closer to 
the surface from which II rebounds than will a ball with a 
higher coefficient of restitution. A soft or spongey ball loses 
more energy as it is deformed upon contact and therefore 
rebounds more slowly from the surface. A "hard" ball, such as 
a golf ball rebounds more sharply. Energy lost at impact is 
converted into heat so that the ball is hotter after impact than it 
was before. This fact is of little importance for single bounces 
or impacts, but in a game such as squash or racquetball, 
where the ball is hit in rapid succession, the ball will get 
noticeably hotter and play faster. 

Balls behave in a similar fashion as they. rebound from a 
wall or some vertical surface. A basketball with top spin 
around a horizontal axis will rebound farther from the 
backboard and one with back spin will stay closer to the board 
on the rebound. This is why good shooters usually release the 
ball so that back spin is applied. This not only brings the ball 
down at a'more vertical angle to the basket, but it will keep the 
ball closer to the board on a rebound and increase the possi- . 
bility of the ball dropping in on the rebound. In racquetball a 
ball approaching the wall from below with top. spin will 
rebound closer to the wall whereas a ball with back spin will 
rebound farther away from the wall. In games such as hand- 
ball or racquetball where the rebound of the ball from the wall 
is altered by the type and amount of spin applied to the bafl at 
contact, the ball frequently is spinning about a vertical axis 
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ond right or left spin is used to keep the ball closer to the wail 
on the rebound or to bring it back more sharply from the wall. 
A ball approaching the wall from the right will stay closer to 
the wall on the rebound with the right spin and will rebound 
farther from the wall if left spin has l)een applied. When the 
ball approaches from the left, right spin causes it to rebound 
farther from the wall while left spin keeps It closer to the wall. 
In general, right spin, around a vertical axis, causes the ball to 
relx)und to the left and left spin, around a vertical axis, causes 
the ball to rebound to the right. 

What Else? 

The body also spins when in contact with a supporting 
surface and when in the air. Spin of the body is often called a 
twist or mUition. The diver rotates the body before entering 
the water and the iceskater spins while in contact with the ice. 
The body can rouie The body can rotate (spin) in three different planes. Tl\e 
in three planes body parts of the ice skater or the ballet dancer doing a 

pirouette move in a transverse plane as the performer turns, 
around the supporting foot. The gymnast doing a cartwheel 
moves in the frontal plane arid mo^es in the sagittal plane 
' - when performing a forward roll. Spinning movements of the 

body are easiest when performed in the transverse plane. The 
most difficult rotational skills are those which require the 
body to move in the frontal plane. 

How? 

Rotation in the body is produced in the same way as it is 
with a ball — an off-center application of force. The force 
' which causes the body to rotate is called i\ngular momentum . 

Angular momentum is acquired by checking linear move- 
ment, applying force off-center or by the transfer of momen- 
tum. 

An example of rotation of the body as a result of checking 
linear movement is seen when you slide on the ice and 
suddenly hit a bare spot. The friction is greater between the 
bare spot and the foot; the foot stops but the body continues to 
move forward by rotating over the "stuck" foot. An example 
of rotation as a result of an off-center application of force is 
when the diver leans slightly forward so that the center of mass 
of the body is ahead of the contact point with the board. When 
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the lower limbs are extended, the force will produce a lift and 
forward rotation to the body. 

Momentum developed by one part of the body can be 
transferred to another object or to another part of the body or 
to the whole Ixxly. For example, assume that you are doing 
sit-ups in a supine position and the arms are over the head. A 
ra[)i(l, viii^orous forward and upward swing of the arms which 
is quickly checked at a 45° angle to the horizontal will transfer 
their momentum to the trunk and cause you to sit up with little 
or no help from the abdominal muscles. 

Another useful example of transfer of momentum which is 
used to transfer linear momentum into vertical momentum is 
the quick knee lift. Many fouls in basketball occur on lay-up 
shots. If the horizontal momentum of the player is not 
adequately checked the defensive player is decked. A quick 
lift of the knee of the lead leg will set up a backward rotation of 
the body which will counter some of the forward momentum 
produced during the run and will not only reduce the inci- 
dence of fouling but vvill increase the height of the jump by 
transferring more of the horizontal momentum into vertical 
movement. 



Why? 



Angular 
momentum - 
angular velocity x 
moment of inertia 



Moment of inertia = 
mass X distance to 
axis of rotation 

The speed of 
rotation can be 
increased by 
reducing the 
resistance to 
rotation 



Spinning movements of the body are the result of angular 
momentum. Angular momentum is thq product of angular 
velocity (speed of turning) and the moment of inertia (resis- 
tance to turning). The moment of inertia \s the product of mass 
and the distance to the axis of rotation. Remember ihai inertia 
is the resistance io change so the moment of Inertia/represents 
the force which must be overcome to produce rotation or to 
change the speed of rotation. 

The speed of rotation (angular velocity) can be increased by 
reducing the resistance to rotation (moment of inertia). This is 
accomplished by tucking or by bringing the arms in close to 
the body. Again, the spinning of an ice skater is an example. 
The skater develops* a given angular velocity. This velocity 
can be increased when the arms are brought in close to the 
body. This will increase thp velocity of the spin by about 
three-fold. When the skater wishes to stop or to slow down the 
spin, the arms are unfolded and abducted at the shoulder. This 
illustrates how the speed of rotation is governed by the mo- 
ment of inertia and how that momentum Is conserved. 
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Balling Involves rolalion c f ihe irunk. The momenl of Inerlia 
is changed by ihe placemenl of ihe hands on ihe bal. When 
you "choke up" on ihe bal by placing ihe hands several 
inches from ihe end of ihe bal, ihe momenl of inerlia is 
reduced and you can swing ihe bal fasler lhan when you hold 
ihe bal al ihe very end of ihe grip. To handle "adull" size 
sporls implemenls, children musl "choke up" or "grip down" 
on ihem lo reduce ihe resislance lo rolalion. 

Lei us look al diving and ihe ihree basic posilions: luck, 
pike, and lay-oul. In which posillon do you lurn fasler? Which 
posilion would you choose it you were lo rolale ihree limes 
before entering ihe waler? You can do more rotations in a tuck 
posilion lhan either of the other two posilions and the fewest 
in the lay-oul r.ll because of the change in the momenl of 
inerlia. , 



What Else? 



When forccj^jr'are 
counter-balanced 
by equal and 
opposite forces, 
equilibrium is 
maintained 



When the body, other objects, and the environment are in. 
harmony, the movements feel and look effortless — indeed a 
picture of grace and poise. Time seems lo stand still and you 
and the movement are otie. When this peak experience is. 
present, you are "playing with the ball" rather lhan the "ball 
(or environment) playing with you." Much of this feeling 
comes from your ability lo maintain your equilibrium as you 
■resist forces or keep your stability lo cause or resist motion. 

What do a clown riding a bicycle on a high wire, a girl 
holdinga scale posilion on the balance beam, and a catcher in 
a crouch posilion have in common? All are trying to maintain 
their equilibrium. Many of the activities which we perform 
daily are those in which weare trying to maintain a particular 
posilion, pose, orlillitude. This is called keeping our balance. 

Equilibrium is maintained when all the forces acting on the 
body are counterbalanced by equal and opposite forces. The 
body may remain al rest, as with the girl on the beam and the 
catcher, or it may move with uniform motion in a straight line 
as with ihe clown. The clown kept his balance by keeping his 
weight and the weight of the bicycle centered over the wire. 
The girl on the beam keeps her weight centered over the beam 
and the catcher must balance his weight over his toes. 
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Equilibrium is 
attained when the 
center of gravity is 
over the ba!»e of 
support 

The center of 
gravity is the point 
at which the weight 
of a body may be 
considered to be 
concentrated 



The base of support 
of the human body 
is the area outlined 
by the supporting 
body surfaces 



The greater the 
stability of an object 
the more difficult 
it is to disturb its 
equilibrium 



Neutral equilibrium 
occurs when the • 
moving object's . 
center of gravity 
remains at the same 
height 

Unstable equilibrium 
.causes the center of 
gravity to move to a 
lower level 



A body is in equilibrium when ilscenler of gravity isover its 
base of support so lhat (he line of gravity falls within the 
confines of the base. The center of gravity is the point at which 
all of the weight of a body may be considered to be concen- 
trated. This point may lie within the confines of the body or it 
may be located outside ihe physical confines. Where is the 
center of gravily of a hu la hoop^ That's right, in Ihe center. The 
( enter of gravity of a racquet ball would be at the geometric 
center of the ball. This center of gravity of an object is not 
always located al the geometric center; it may be off center as 
with a golf club or a tennis racket. The line of gravity is an 
imaginary line extended fromjhe center of gravity toward the 
center of the earth. For practical purposes, this line is perpen- 
dicular to the surface of the earth. 

The base of support of the human body is the area outlined 
by (he body surfaces which support its vveight. Larger body 
surfaces provide greater stability; that is, sitting down is a 
more stable position than standing. An increase in the number 
of parts which support the body tend to increase the area of 
support. This makes an all fours position more stable than just 
standing on two feet. 

' Stability is resistance to change, or the capacity of an object 
to return to equilibrium or to its original position after having 
been displaced. The greater the stability of an object the more 
difficult it is to disturb its equilibrium. A child's toy such as a 
large clown with a weighted base always returns to the upright 
position after it has been pushed over. The'center of gravity 
has been moved near the edge of the base of support but has 
not moved beyond the edge of the base. When the pushing 
force and its effects are removed the clown returns to its 
original position. This illustraless(afa/eequ/7/fanum. An object 
is said to be stable when .movement of the object causes its 
center of gravity to be raised from its original position. 

A perfectly round ball lying on a table is ah example of an * 
object with nciitral equilibrium. The ball may move in any 
direction, but its center of gravity does not change its position 
relative to the supporting surface. The center of gravity of an 
object possessing neutral stability remains at the same height 
when the object moves. 

Movement of an object with unstable equilibrium will 
cause its center of gravity to move to a lower level. This is the 
case of objects with a small base and a high center of gravity. 
A top is a good example. When the top is not spinning, it is 
very difficult to balance the top on its base. Standing on one 
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foot with the free foot raised in front of the body is also an 
unstable position. 



Have you ever noticed how a dog lowers its center of 
gravity by crouching down low when it doesn't want to go in 
the direction suggested when being walked on a leash? It often 
widens its base at the same time by assuming a stance which is 
slightly wider than its normal walking alignment When 
someone is trying to push you off your feet one of your first 
reactions is to flex your knees in order to lower your center of 
gravity and you will then place your feet farther apart. In 
which direction do you widen your stance? In the direction of 
the shove or perpendicular to the oncoming force? Stability is 
increased as the base is widened m the direction of the on- 
coming force. If the base is not widened, your equilibrium will 
be disturbed as the line of gravit^is forced outside the base of 
support. If you cannot move your feet quickly enough to get 
them under yourcenter of gravity again, you will find that you 
have established a new base of support by sitting on the floor! 

In summary the greatest stability is achieved with a large 
base of support, a low center of gravity, and the center of 
gravity centered over the base of support. When the direction 
of disturbing forces is known, stability is further increased by 
widening the base in the direction of the oncoming force and 
by moving th'e center of gravity as close to the edge of the base 
nearest the approaching disturbing force. 



There are several factors to consider when enlarging the 
base of support: 

1) the direction from which the potentially disturbing forces 
will be coming; 

2) the amount of fr/ct/on between your base of support and 
the supporting surface; 

3) the /n/ury potent/a/ to the joints of your body'. 



The si/e of the base 
of support must be 
proportional to the 
degree of force to 
be resisted 



The di^gree of 
friction between 
the base of support 
and supporting 
surface governs the 
potential size of 
the base of support 

Anatomical 
structure limits the 
si/e and direction 
of the base of 
support 



widen the base in 
the direction of the 
oncoming force 

Shift the line of 
gravity toward the 
oncoming force 



Refer again to the example of someone trying to push you 
off of your feet. The dj^fjfnce which you separate your feet is 
dependent upon the amount of force which you must supply 
to counter the force of your adversary's pushing action. If only 
a slight push is anticipated the feet need not l)e separated too 
far, l)Ut the distance must be increased as the force of the push 
is increased. 

Another factor which will affect the distance (hat the feet 
can l)e separated safely is the friction between the feet and the 
floor. If in stocking feet on a waxed floor, the feet will start to 
slide out from under the body when spread more than th^"» 
width of the hips. If spiked or cleated shoes are worn the feet 
may be spread further withgut slipping. Many people wear 
some type of cleated shoes when walking on packed snow or 
ice so that they may take longer steps without slipping. 

The musculature of the lower extremity is usually the 
source of a large part of the internal force used to counteract 
external forces. Therefore the body must be kept in proper 
alignment so that the necessary forces can be adequately 
developed and applied. At times widening of the base to 
increase stability is sacrificed for the efficiency of force appli- 
cation. You should make every effort to insure that a sudden 
slip will not occur as- this could cause injury to the joints 
and/or muscles. 

A spotter at the horse in gymnastics does not stand with the 
feet together but has them spread in the direction of the person, 
coming over the apparatus. In other words the spotter has 
widened the base in the direction of the oncoming force. 
Stability can be increased even further^'in this situation by 
placing the weight over the foot nearest the Korse. This per- 
mits the spotter's line of gravity to move across the base from 
one side to the other and reduces the chance of loss of 
balance. If the vaulter contacts the spotter who has the line of 
gravity over the center of the base there is only half the 
distance to sway before balance will be lost. Again, if the feet 
can move quickly enough, the spotter may not fall, but spot- 
ters are often caught napping and not in a position of readiness 
to receive the oncoming force. 

One of the most frequent violations in basketball is travel- 
ing. This. often occurs as the player attempts to stop after 
moving rapidly. Most of these Violations could be prevented if 
the player would drop the weight closer to the base by flexing 
the lower limbs, placing the feet in a forward stride position 
and centering the weight primarily over the rear foot so that 



44 



To move quickly in 
a known direction 
raise the center of 
gravity and move it 
toward the edge of 
the baw in (he 
direction that 
movement will 



To move quickly in 
an unknown 
direction keep the 
ci?nter of gravity 
relatively hiKh and 
the l>ase narrow 



the weight c»m shift forward .u rr)ss the bds*^ of support without 
pulling the rear foot off the floor. 

The flegree of stability desired at any one rirne is deponder)t 
upon (he task at hand. Some of our a( tivitic.'s rriquire momen- 
tary e(|uilil)rium arul (he .ibility to niovecjuic kly. f xarTipl(»s of 
this situaliof] w(Hjld be the start in Ihe sprints in trti( k and In 
swiniming. The fX'rforiiK^rs have the base r*Ulier narrow in Ihe 
direc lion in wIik h movement is loon iIum cnlef ol gravilv 
high and verv i lose lo itu^ front edge ol Ihe base. Al the sound 
ol thi» gun, the athlete easilv moves the tenter ul gravitv 
outside the tront edge ol the base of support. In attuality the 
front t^lge of the base is removed as the hands come off the 
track and the feet off the blocks. Gravity then assists in getting 
the performer moving l)v pulling the body down. Gravity is 
providing some of the force necessar\ tooxercome the resting 
inertia of the body and theretore most of the force productKl 
l)y llie l)ody can Ik» used lo move thi» perlurmer forward. 

Badminton is an activity in w hich the player must be ready 
lo move rather instantaneously in an unknown direction. So 
the ready fK)sitif)n is one of narrow stance; weight on the balls 
of the feet and the center of gravity is relatively high so that tlie 
()layer may move quickly in any direction. Wrestlers by com- 
parison have their weight low, feet spread far apart, ready to 
receive weight and to apply force without losing their bal- 
ance. They want a stable position. 

Older persons take shorter strides and walk with their fwt 
tarther apart than do teenagers. This is a compensatory action 
for the increased difficulty in maintaining their balance so 
they are widening their base of support and keeping the center 
of gravity over the base of support at all times rather than 
allowing it to fall ahead of the support foot and gambling that 
the swinging foot will get down in time to keep them from 
tailing. Walking has been defined by many as a series of 
catastr()[)hies narrowly averted. Older persons have weaker 
muscles which extend the leg at the knee so they cannot take 
as great a risk when walking as can the younger person with 
stronger muscles and quicker reflexes. 

In summary, to move quic kly in a known direction one 
must keep I ) the base narrow in the known direction, 2) center 
of gravity high, and J) close to the movement edge of the base. 
To achieve maximum stability against forces from a known 
direction 1) widen the base in the direction of the forces, 2) 
keep the center of gravity low and near to the front edge of the 
base. 
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Balance isimporlanl jo uvfrylhin^ Ihnl we do whether it is a 
*>lalir activity i)r a dynamic activity. Violation of the principles 
of eiiuilil)riurn and stability affect the accuracy of our move- 
nienls and may also influence the force available for moving 
an object in the desired clirection. Whether the activity is 
vvalkm^j on the hands, doin^ a head stand, catchirij^.a^ball, 
'Yt'"i'iin>ithe hurdles, or sitting on the fence, if thehody is not in 
6(iui.lil)rium undesirable movement will occur which will 
aftcc l the' execution of the desired action. These undesired 
actions are usually reflex in. nature and are done without 
conscious thought. The movements lead to a righting of the 
body, keeping the center of gravity over the feet if possible, 
trying to prevent a fall. If a bowler is off-balance you will see 
^ymlions of all sorts at the moment thQ ball is released. The 
arms and le^s flail in ri^hting of the'body, keeping the center 
of gravity over the feet if possible, trying to prevent s fall. If a 
Ixnvler is c)ff-l)alance, you will see gyrations of all sorts at the 
moment the. ball is released. The arms and legs flail in the air 
* ' seeking to Ixilance the body over the foot as the weight is 

X , suddenly reduced with the release of the balL The bowier who 

is in ecjuilibrium at the release will hold the position over one 
foot with no change in the body except the follow-through 
with the arm releasing the ball. 

V t 

What Else? 



A proicclile moves 
under the influence 
of the projecting 
force, gravity* and 
air resistance 



Trajectory is 

dependent upon 

the vertical 

and horizontal 

velocities imparted 

atthejimeof 

projection and the 

external forces 

occurin^ during flight 
> 
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Much of our sport activity centers around throwing or hit- 
ting some type. of ball or propelling ourselves intojhe^air- 
These actions are known as projections. A profectile is 'any 
object which is given initial velocity and then allowed to' 
move freely in space under the influence of gravity and other 
outside forces. Three forces, therefore, act on a projectrle: 

1 ) the forces which overcome the inertia of the projectile and 
put it in motion; . 

2) gravity; ./ 

3) air resistance. ^ 

The path which the object travels after projection is known 
as the trajectory. The trajectory is therefore dependent upon 
the resultant of the vertical and horizontal velocities of the 
object at projection and the external forces acting on the 
object during the flight. 

Gravity exert's a constant downward force on a projectile 
and nioves it toward the earth at a constant rate of speed. Air 
resistance tends to decrease the horizontal distance which the 
projectile will travel. 



Oi7 



t 

The accuracy of a projection depends upon how well the 
effects of the forces which net during flight have been esti- 
mated and accounted lor at the moment of release. 



How? 



The angle of 
projection 
influences the lime 
Ihe-object will be 
airborne 



The projection 
velocity influences 
the distance the 
bbject will travbl 



Keep in mind that^the effectiveness of a projection is de- 
pendent upon the interaction of the angle of projection and 
the velocity at which the object is traveling at projection. The 
angle of projection influences the length of time the objecl 
will stay in the air. The velocity influences the distance that 
the object will travel. This distance may be in a vertical 
, direction, in a horizontal direction, or somewhere in be- 
tween. " s 

The projections with whi(^h we are most concerned are* 
those in which the projection force is produced by muscle 
• contraction and the summation of the resultant momentum of 
the body parts. An example of the human body as a projectile 
in which muscle contraction does not produce the projecting 
force would be when one is shot out of a cannon! 

Listed below are factors which are commori to all \ypei of 
projections. These factors influence the velocity at projection 
when the force is produced through muscular contraction. 
These factors must be considered whether the projectile is put 
in flight by throwing, pushing, kicking, striking, or jurhping. 



The projecting force 
is affected byjhe 
proper sequential 
contraction of 
body parts 



Force will be reduced 
if firm contact is not . 
maintained at the 
moment of projection 



1, Proper sequential action of body parts. Most projection 
skills involve a sequential action of the body parts. Following 
the backswing, or a windup, muscles of the hips and trunk 
contract to get the body moving. The trunk rotation is then 
followed by action at the shoulder, then the elbow and wrist if 
■ these upper limb joint actions are involved in the skill. This 
'basic sequence of events is seen in both single arm projections 
such as a tennis drive and in double arm projections such as 
batting. Theaction is basically the same when kicking but the 
lower limb is used rather than the upper. The trunk rotation is 
followed by action at the lumbo-sacral joint, the hip, knee, 
and ankle joints. The coordination of the actions is not "con- 
sciously controlled, but is carried out for us by sub-cortical 
centers of the brain. - • . 

2. Firm contact or connection. As forces are developed 
within the body, pressure will be applied to the supporting 
surface by the feet. If the contact between the feet and the 
supporting surface is riot firm, some of the developed force 

■ . . 47 
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'A follow-through 
facilitates projection 
at maximum velocity 

B«i lance is essential 
for the proper 
execution of alt skills 



Re<luce the angle 
when the projection is 
into the wind 



Increase the angle of 
projection when the 
wind is at your back 



will used u|) in nioviiij^ lh(» siirl'ii('c\ Th(' supporliiiH surfnco 
HUM v\vr\ l),u k .^^lUnst IIk^ hody the Siww Univ which hos 
»i|)|)lio(l ti^innsl it if niiixiinum flisUincc* is to lu^ nchiovod, 
All joints of llu' body must ho hold in (heir proper posilion by 
nuist uliir conlritt lion or forc'(» will bo '\\l)sorbtv'r ol iho joints 
tuid will rodiK o ihv force* iwailoblo for projccHon. 

Tor oxcunplo it is not possible to jump its f^r on t\ dry sand 
l)(N\( h ,is it is on <\ well-propiired lr<ic k surf»ic(», When (he feet 
iipply forte ,t^tiinsl Ihe s»\nd some of the nnisculnr force that 
w,is developed is used lo move the sond and the reaction force 
of the ground is reduced. 

Distiince is also lost when the person loses contact wilh Ihe 
ground *]i projection or impact. The air cannot begin lo offer 
the ( ounlerforce that the sol id ground docs. You cannot throw 
a ball ,is far when you jump in the air lo release it as you can 
when you have a solid foot contact wilh the floor or ground. 

3. Follow-l.hrough. Follow-through helps lo insure peak ve- 
lt)cily through impact or release. If the follow-through is cut 
shorl()flheproicclion, velocity has usually been reduced prior 
lo rele.ise of the ball or contact with the objecl to be projected. 

4. Balance. A balanced posilion is essential lo good force 
production. Loss of balance during ihe.force production pro- 

'^cess will usually result in reduced velocity at impact or re-^ 
lease. .The, loss of balance usually affects the directioh in- 
which force is applied lo the object and this frequently results 
1n an off center application of force. This off center application 
produces rotation of the objecl and ihis^rolation affects the 
direction of the projection and also reduces the distance it will 
Irayel,. 

How does air resistance influence ihe angle of projection? 
When projecting an object into the wind the' horizontal com- 
ponent of ihe projecting force should be increased by lower- 
ing the angle from that used if there were no wind. This 
increased horizontal force is needed to negate some of the air 
resistance and to reduce the time that the object is in the air to 
be acted upon by the wind. 

When throwing with the wind at your back/ a tail wind, 
throw at a slightly increased angleof projection sbjhat the ball 
stays in the air longer. This allows more time for the .wind to 
push the ball forward. The direction from which the wind is 
blowing often determines whether or not a high fly ball hit to 
the oulfieid will drop for a homerun or be caught for an out. If 
the ball is traveling into the wind the ball drops more vertically 
and does not go as'far as when the wind is with the ball. 
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AlmliHoatrusHyviml \\ s\ cTosswiful will 1)0 .u liriHon (lu»fliKhl of iIk; h^ll j| rmisl 
l)t' iiinuMl into Iho wind. The oncl resull (hen will i)v iUv 
conihirMlion of iIk» forward forc e thol (he throwor luis nppliod 
.uul llKMort:tU)f lhawinci octiriH al .HW^ri^lcMo Ihc' (losircci p^^ 
The etfocis of i\ crosswiful orjsI cbnsid(»ro(l in nrchery. If 
you aim for llu» lar^ol when a slron^ crosswind is blowing* (ho 
arrow will ho blown off t'ours(» and miss I ho lar^ol c omplololy, 
At limes (ho an lu^r may lo aim al a point thai is not 
dirocily in lino with Iho inlondod larj^oL 

Why? 

Opilmum anKle of li is impossible lo prescribe anj^les of projection thai are 

proieciion is optimal for all persons, all objects and all situations, A taller 

Influenced by velocity person can use a lower single of projection than a shorter 
al release, height of porson^to attain thjo same distance. After determining the 
release, and purpose of the proj'^^ction, the variables to be considered in 

shape of obieci • selecting the optimal angle arc velocity^it release, height of 

release and size and shapc'of the projectile, 
^animum distance is Optimum projection angles differ when the projection level 
ichieved'witha 45" ond landing level are not at the same height. If the object is to 
ingle of projection land at the same level from which it was projected then 45° is 
vhen the level of r)-^ optimum angle to achieve maximum distance. It takes the 

elease and landing -same time for the object to reach its maximum height as it 
re at the same height does to land. If the object is to land at a level lower than the 
height from which it is projected, the optimum angle is less 
than 45°, The greater the velocity at projection the more 
nearly the optimum angle approaches 45°, For most objects 
an increase in the speed at release produces a greater horizon- 
■ ' tal distance than does a comparable increase in the height at 

. release, 

o keep the object in When the purpose of the projection i$ to keep the otjject in 
le air as long as the air as long as possible the vertical velocity should be 

ossible increase the increased. An example would be a high pOnt in soccer of 
ertical velocity and- football which stays in the air long enough for the defensive 
igleof projection players to run down the field to cover the receiver, 

^- • The height of release influences the time the object will stay 

, in the air. Gravity causes all objects to fall at the rate of 32 
ft/sec.^ The time that a projectile is in the air will bejncreased 
as the height of projection is increased. Horizontal distance 
covered is at its maximum when the object remains in the air 
lo'^g enough for all of the horizontal velocity to be spent in 
I overcoming air resistance. Wjien this happens the object 

. ^ " " drops straight down because gravity is the only remaining * 



DU(<uu'i' i«» \{AUm\ by 
WrtMsInK tHe 
hori/onUU projec'llon 
velocity 



^()r( ^ »u on llu» ()h|iu I, This is lioM s(hmi in llic Hif^hl of a 
hiill wliich luis IxHMi hil willi ii very hif^h ( In!) IkskI 
vc'loi'ily, I .uulinHl'roni »i lunn lump will \vo\ aslluuif^hyou »im> 
liUKlin^ on ii \m\ il" th(» liori/onliil proliu lion lorrc lios 
Imhmi I'ully ummI up during iho I'li^hi, Usually llic IVH conio 
down too soon »in(l llu* li'^s nuisl i^bsorl) sonic of llu* liorl/oiv 
Ml force ,is we'll »is llu^ nc c i^rlcriilion forn»s (liic to ^^r.wity, 

Ihc ohitM t f)r()j(K tod ot'tiMi dictates tlu^ desired on^^lo 
of [)ro|('( lion, rlu> design of niodcrn i^wclins is such thiU llu^ 
o[)lini.il of projec tion is Jfi" or lower, pi^rhops ncMrcr to 
for tin* oxpt^riLMU'ecl thrower, The thrower should concen^ 
trote prinVtVily on ftU tors which will increase the horizontnl 
velocity of the jtwolin at release since this.hiis ti KrcMter effect 
on horizonttil distonce thnn does n com[)€irnl)le iocreose in the 
tingle of [projection. Kee[) in niind that iinother reason the 
.in^le is k»ss thtin 45° is thol the release point is higher Ihcin llie 
londinH point/ 



What Else? 



If speed is imfiortant, 
use a trajectory 



Whnt do soiling ci frisbie/pitchingd soflball, hilling a pinyer 
in doclgebnil/ passing a football for a touchdown, pitching 
horseshoes, and tossing an empty can in the waslebaskel fiave 
in common? They all involve throwing, Tfirowing can be 
done overhand, as in passing for a touchdown, underhand 
when pitching in soflball and; horseshoes, and sidearm when 
throwing a discus. As for tossing an empty can in a waslebas- 
kel, the styles are myriad— easy underhand loss, just a snap of 
the wrist, a hook shot, behind the back, perhaps over the hc\id 
while facing away fronrlhe basket. 

What determines the success of a throw? IsTl determined by 
how far the object travels? How fast? How hi^'h? Hitting a 
target? E^ich may be right since it depends Oh the purpose. 
However regardless of the purpose of any throw, it involves 
the projection of an object through space. The success of any 
^projection is largely cfetermined at the moment the object is 
released. After relea^':, the object will be. influenced by out- 
side factors such as air resistance eincl gravity. Prior to release 
the movement of the body nrf.\irts of the iwiy determines the 
palh the object will travel. Tha!^^ path is determined by the 
speed at which the object is traveling at the moment of release 
and the angle at w!iich the object is projected. 

It is important to k^j^ the purpose of the throw. The 
desired angle of release and necessary speed at release will 
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(IrpiMiil upon ()M(()i)^tM)l Iho llirow, Is iht' lioll u» roll oloiiH 
lhi» fvound, 1)1 is il lo sUiy in ,\\\ os lonfi .is possihhV U llu^ 

hill own lolluMlooriohomu ooiiiHiirH^I, oi is illhrovvnon 
i\ hy Iho smond hosoni^in lo iho liisi iMstMuniW Is 11 
iinpnihini lo lull In ils (|pslin»Hinn »is lopldly os pnssh 

ni IS linu' nniinpnrUinU VVhon llu^ spiuul ol Iho ihrow Is 
inipnrl.inl, lhi» holl sliniilij luwc as ll.il Iriijtu iniy os |insslh|n 
lo asu h llu' (li'siriMl i.^rKC'l, For i^s.unpli' ii shoilsinp, »il'lor 
tit'inin^^UV<Hin(llhdl,willk(M'plluMhn)wli)lluMirsl(Hsr(:(uul 
htiMMniUi lis tl.U ns posslhic so lh,U \\w h.ill will llu* h»is(? 
»\s (|ui( kly lis p()ssihl(», think n( ihc iruslriillnn lis iho first 
h.isiMiian vv.iils tor iho l)<ill hi umo dnvvn fr(ini a IiIhIi .ire iis 
Iht' (csull of »in undiMivind Ihrow lo lirsl. I ho shorU^sl distiuu o 
lu'twrnn Ivvn poinis is li^slriii^lit lini^l 

Wh(»n lluM)l)i(u l ol'lh(» ^hrow is lo ko(»p iho htill in Iho nlr as 
lon}^ls possible lIuMi Ihc iin^;UMifrol(Ms(» isOcrui iho horizon- 
Ml. 



How? 

Scquenii»il niovi'meni Tho vviMKlit, si/o, tuul slhipo of tht' ohjoct to 1)0 thrown often 
of bmiy pans drlorniino ilie stylo or form with which the projection will be 

Ki'neraies forte to bi» nuule. Heavier ol)iects siith as l)ricks are usually thrown with 
impariwHo iheobjett an uncli^rarni pallern or a pushing action. Tlie two hand 
at reltMse underarm [saltern is rec|uire(l when an object cannot be con- 

IrolKnl by one hand. Overarm and sidearm patterns usually 
produce more force lhan an underarm pattern. This is the 
resull of a longer backswing and a greater amount of trunk 
rotation. Regardless of the pattern the sequence of body ac- 
tions is similar. At the end of the backswing there is a shift of 
the body weight to initiate the forward movement. This is 
followed se(:iuenlially by rotation of the pelvis and rotation of 
the. trunk, followed by action in the shoulder area, and, de- 
pending upon the object being thrown and the pattern used, 
action at the elbow joint and wrist. The velocity which is 
\ generated during the "windup" is imparted lo the object by 

the fingers or the hand. 

The velocity at which the object^ will travel at release is 
influenced by the following force producers: 

1) length of backswing; 

2) number of body parts used; 

3) sequential summation of forces; 

4) speed at which the body parts niove. 
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« Nnil ill ri)l()A^() And Iho point (Ml ilu* M wUwU iIh^ r^^ksthu (H ( uh, 
IHilnl tm ihM lUi 



Why? 



Use maximum number 
oi body segments to 
increase force 



The summation of 
forces will increase 
force 



riip h.isit ront tMiis In IIuovvIiih »ir(' lo (lov(»l()p llu^ luu (>s- 
Siuy s(uumI in Ihc hnnd lUid li) lol of llu' ohjoi I til llio prn|)(»r 
nu)nuMil so ihcU llu^ ohjocl rtsu hcs ils Uuwi, 

S[hhmI of Itu' hiinit prior lo r(*l(MS(' (IcpcMuls upon ihi^ lini(» 
*uul (lisi.ini'o ovc»r which nionuMiluni i wn developed. Th(' 
foltowioH lot'hni(|U(»s should he used lo in('r(.MS(' linic »ind 

1) Ivn^thrf) tlw /)ti('Asvv/n^{, This is iH (oniplishcd not only 
with iho Arm hut ( on usually includo UirnlnH Iho hody so IhnI 
Iho opf)osiio sidb is toward iho dirc^Mion of tho [)roieclion, 
Shifting iho wol^ht over iho r(Mr fool also lenHlhons iho 
backswin^, In nniny aclivilioslhodistaiKo of Iho hackswin^ is 
introasod by taking a siricio or slop forward or In somo in- 
slancos^ a hop, a skip, ()r\i shorl run hoforo iho ohjecl is 
roloasod. A spinning of iho hody is soon in iho discus throw to 
incronso iho limo ovor which momonlum is devolopod, 

2) Usv iho maximum mtmhor of body .so^vnon^s which can . 
conlribule positively toward iho dcvolopmonl of forco for tho 
throw, This means thai you should use your lower limb and 
trunk to throw a ball and not jusi the upper body, The muscles 
of the lower l jml>s are iho slronnosl in the body so use ihom lo 
"drive" forward into the throw. The body should be forward 
of the rear fool and the body mass should be moving In ihe 
direction of the throw at release, 

3) Add body parts sequentially. This may be called the sum- 
matipn of forces or the sequential action of body parts. This 
"summing" action is not done under your conscious direc- 
tion, but is neurologically conlrdlled .by subcortical areas of 
the brain. If maximum force is lo be produced, each succes- 
sive body part should come into action as the one below il„ 
reaches its maximum velocity and minimal acceleration. The 
liming of these actions is so precise that only the subcortical 
levels of the nervous system can direct the actions. When we 
try lo control segmental summation, we "foul" it up. Surely 
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A\mm\\ nl fori r 

(t(>VOlu|)(Ml 



yoii hiwi» psfH^riiHu 0(1 iliih »is yoii Iry In ihink iilxnil wlnU your 
i>ll)()w or your sliouldrr Is doinn wIkmi you ihrovv. You hhouki 
( o(u (MilmU^ on iho m\ rt»Mill, Wluil Is ii you Wiini Iho Inill lo 
do; vvhoru do you Wiinl ll lo woi Vm l^v llmlnn Is rcMjulrcnl so 
\\u\\ lh<» inomonuiin of piovlous inovtMnouls Is ( onsoivod iind 
( .111 hi' |).hS(Ml on lo Ihi^ noM st^^nionl or lo ai 
r('l<Ms(\ 

»l) S/)riM/ iip lh(^ \Mv 0/ /iiov(vu(w)l of lh(^ hody^ parls, Thu 
s|h»(m(.U vvhii h llu'ptUlsniovr isafft.^cU^dhy (lu^slrcMiHlh oflho 
luusi k's, iho liniin^^ nl iho ( (inlrtu lions lUid Ihr \\v\)\\\\ of llu' 
ohjrd lo lu» niovod, 



Whrn It'ss ihiUi niiixlnuinv fore is dcslri^l, sonu? or all of 
iIk^so fiU'lors nuhl Uv modified. You con ilirow wllh )usi iho 
iU fti, not llu» usr of Irimk r()(»\(ion. You hrlnn the body parls 
Ihroufih slowly ,ui<l llirow in slow niolion. Hie arnouni of 
Irunk rotation is rrduc od in sonu* .H;tiviti(«s hy the stance lhat 
you usv, An open stance decreases llu? amount of trunk rota- 
tion wliicli can occur [)iior jo release whereas a closed stance 
in( reases the amount of l)o(ly rotation prior lo release, s 

The a/?^»/e of rvkw^v upon llie point in the arc at 

whicli llie l)all is released. The hall will move in a straight line 
wlien released by the hand. The accuracy of the throw de- 
pefuls primarily upon releasing the ball at the proper lime. If 
tlie arc can be flattened the timing? of the release becomes less 
critical. The l)all can then be released at several points on the 
arc and still travel in the desired direction if the hand is 
fiioving ifi the desired line of flij^hl. In most throwing pallerns 
ifie arc is flattened by stepping forward and flexing ihe'knee of 
the forward leg, The arc can be further flattened if the shoulder 
and upper body move forward along the intended line of flight 
prior to release of the ball. 



What Else? 



Kicking, battings and 
using a club or a 
racket are projection 
skills 
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Other forms of projection skills are those in vvhich an 
implement such as a racket, a bat, a golf club; or a body part 
such as the hand or foot is used to project the object, that is, to 
impart force to the object. Most of the time, the object is some 
type of ball. The major concern in striking skills isthe momen- 
tum of the striking implement when it makes contact with the 
object to be struck or projected. The point of contact is also 
important. If the contact is not through the center of mass of 



Iho ohjiH I, h[)in will lu^ ifniMru^l m\ mw of ihu projuclion 
ioH i^ will Ih' lost, Thi» i»fNH I of spin on Ihi^ iHhIu of *m ohiort 
\h\h l)O(M) pnwioiisly fliscihsiul, 



How? 



The ijK»«l Impjrletl to 
the objecl (ttfpi'mit 
upon the weiKhl, 
9p€iHl, ami amount of 
j^ivc of Ihv slriklng 
object ami the 
pmjcclile 



'As wilh <)ll skills, iho |)ur|H)st» of ilu^ skill loiisi firsi \h\ i Uwr^ 
ShouM iho iraiiHiHxy of (ho siruck ol>i(H:t ho hinh lUul slu)rl, 
or tow m\ loMH^ Is llu» volociiy of llu^ proi^Tiilo IniporlanI? Is 
\\w purposr (M iho skill lo prodiK r ni.isiinuni (lisUinio, or Is 
lU cur.u y of priino conci'rn, Aflor iho pur|)os(? Is c:KMrly klun- 
lifit'd, rrnuMiihor lhal lo otiik'vo ni<o<lnnini <lisMn('(? tho speed 
of llu» slrikinH body iind iho polnl of contocl of nia|or 
cone (»rn, If ihe purpose is one of iiccuriU y, yon njay need to 
SiU rifkie some speed k) Kiiln conlroL ' 

The velocity of the projectile followinn contact with the 
striking surface is dependent upon the following factors: 

1 ) the mass of the strikin^object and the speed with which It 
was movinH prior to contact; 

2) the mass of the projectile and the velocity wilh which it 
was niovinj^ prior to contact; 

:\) the coefficient of restitution of the object and the contact- 
inn surface. 

The contacting surface may be a body part, a racket, a bat, or a 
^olf club, and is subject to the restraining forces discussed 
previously, 

Let's use tennis to illustrate, What determines hoW fast the 
tennis ball will come off the racket after being hit? The first 
influence would be the weight of the tennis racket and sec- 
0Q|^, how fast ilwas moving at contact. It is the interaction of 
thosFtwo factors which determines the force which is applied 
to the ball. Force equals mass times acceleration. A heavy' 
racket is helpful only when it does riot slow down the speed of 
the body movements. Some players therefore use a lighter 
racket which they can swing faster. Force applied depends 
upon the weight of the ser^e^arrdTRe' racket and the speed at 
which the racket head was moving at contact. 



The second set of factors which apply to the serve is the / 



relationship of the mass andyhe velocity of the tennis ball.'On 
the serve the forward velocity of the ball is zero and its mass 
less than that of the racket; thus the server should havjs no 
problem in applying sufficient force to hit it over the net. 
When the tennis player is attempting to return a smash, the 
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must tiliir U\fiv, tiininn 
of ImhIv in<ivi>nu*nh, 
loHKlh of striking 
Implfnu'nt, and 



tlip nlijiM 1 .Hid 
(Mi)iiM Mill) n( ihr li.ill IS irtli 
VVh,ll ,IM' "iiMHP hit |(US \vl 



Spin will reduce the 
amount of forte 
available for forward 
projection 



MU li nidHiHUnti' von Whw nni hp ,ihli' Id i^Minrdln pikuihIi 
Iniip Id \^^H^) llip hall liniM innviuH \ ItM kv\ hdi k\v»H(l. 

Ilu' ♦ iMdiH UMii i)( (PsnuMion ol Ih^ id( k^l dod iIk^ Inill h Iht' 
duiil M»i ol i,n lop. VVhpM ilip hdll ih »)oH ond iIip u\< koi MriiiH^ 
Kivp iiHuiUK h, SOI no (01 i V «)|)plip(l »d in)|)>u I isihpd todptonn 

ol Ion avnildhip loi lo(\v»ihl 

H Pd: 

)i( h vvill iidliitMx p llip dtnoiint ol 
1 ill) hiMli'VPloppd in ii siiiloMf^ implpinoni < u ,» ht^lv 
ti) iiup.M h' 

llu' lollowioH f<»is inlliM'Ui p ihp innMinMidp «d ihp lou p 
v\ h t .U) lu* tipplird jo t)i) oh{p( I; 

I. Iho iwnouni of t^l'foillvo musdc fonv (liWi*l{)|UMl. Iht* 
l.n toi^ whii h .dhM I (hp ili»v(»|opinPnl ol nniM iiKu Ion wimp 
(hsi iismmI (Milipi .)i)d in( kidp h lhiiiM'> '1^*' niiniUpr ol 
nHh( h»s iisrd, ihp si^p ,ind sIumi^uI» (d (ho nuis( Ips, lh(» sp(»P(l 
ol ( oolftK lion, »inil ihp disliiiui' ihrou^h whic h lh(^ mus( 
( ontiiK Is. 

'2. Ihv suminatioii (if nuisciilar forcon. Ihi» s(m|U(M)((^ of 
hody iK lions imist hi* siu h th.d ihp n)()nuM)lnni of (M( h hody 
p.iit is addpd to Ihp nionuMdiun of lhos(< pro( cpdin^^ pdrls so 
ih.d inonu'nUiiu is ^',rl^dl^l M thi» liino of in)|)ii( I. I his Ifiinsfpr 
1)1 loi( (» is Iroin to sin. ill ond from slronf; to \v(V)ktM' 
nuis( It* groups. 

\. The length of (ho striking iiuplements, I fip pnd of ii lon^^ 
li'vri moves l\istpr th»in a short one vvhpii llu»y niovp throuf;h 
tht» s,u)u* luindu^r of (l(»f;r(»ps. 

4. Firmness al contact, f orcp is ofton lost M inif)iu:t .is o 
losiilt i)f ii loos(» f;rip of the strikiiif; im()l(?r))i»nt, joints which 
.iip not firnily 'fixed or do not li,)V(» firm contiict with tlip 
supporting' sLirfaco. Iliis mpiUis tlud you Ciui lipply more force' 
to tfje 1m 1 1 wluMi lit kvist one foot is on tfie ground than when 
ytSu jump in the air or loosen contact with a riicket or hat at 
inif).K t. Cleats, sf)ikos, and ruhher soles are used to increase 
the firniness of contact. To firm up the f^rip, gloves, resins, or 
moisture niay he used. The palm of the hands sweat to im- 
prove iKe grip, hlowever when there is excess perspiration, 
thev become slif)pery and must be dried. 

f low will you apply force to ihe objects Remember that a 
force which is applied off-center will produce spin and thus 
will reduce the amount of force available for forward projec- 
tion. Sometimes you wani to apply spin ill contact to bring 
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ilu'H ihp Hurt liMiuii i nnivH i v aMMnl lus iMnuuih ihM ^ ^nlMf hI 
liMV*'"^ Ihi' h^H 1^ ituMi'Mih Mf ilu> ^|Hn v\hii h \\w \h\\\ \w\ hr^lMfp 



Why? 



hy ihlnK htMvIrr iir 



Ati uriUy may l>o 
improviMi by riMlucinK 
lhi» length (>( tho 
implement, the lenxth 
of the bdckswing^ «]nd 
the number of body 
piirts (hat are used 



v\i'iy;hl ^hill, InllowiMl h\ hip .m<l luink foMlion 4m<I iIumi lht» 
Ml lht» .itiih .Hid ^nini^liint'^ wihh 
Iht' piiiK i otu v\\\ ID stiiktn^ hkilK h lht« (nunionUint of 

rt|iiaK in,is^ liMii^s Vi'ltH ily. In wnyA in^l»uu il Iho vt'lot ily 

ttjiphtnl lo Iho i)l)|tH l lu'inK hit. Ilih l^ o^jXH i.illy Uw in 
li,in(lhtill vvlu»rt» only Ih*^ (n»iss ol lh«' Ixuly is >w»iiliihlo, In 
t)otlMH;, in (pnnis, .ind ni Ki)lf, (liMoronl iinplonuMK vvoi^hts 
ni.iy he used lo int ro.\si» llu' nionKMiliiin ol llu» slrikinw OMSt. 
I lu» npiiniol wtM^hl (»f lln; sirikin^ inipltMinMil drfXMuK upon 
(hp stivMHlh ol Iho individual, I his (liM»Minin<'s iht^ sprod with 
whi( h tl i .ui In* moved vvilhoul dismplinK llu» liming or iho 
suniin.Uion of Ion cs. ( )w |u»rson nuiy In* ,ihl(^ lo dtwt»lop Iho 
stunt* nionuMiluio usin^ a li^hl hal whit h ran \)v swunf^ lasU»r 
as( an another piMson who ust»s a lu»avior \)M hnl has a slow(»r 
swioK. It is thi'( onihin.ilion ol mass and vohx ily vvlii( li niakos 
itu' (lit'tVnMu 0. 

H aci ur.u y is thr |)riniaiy c oiu cm in sirikin>; skills the Icvor 
may he shortened to gain (onlrol at the expense of loss of 
some veloc ily. I'ho len^^lh of the l)at kswipg and ttie distance 
through which ihe implement Iravels priorto contact may also 
be shortened lo gain control. Longer cluhs are used in golf 
when distance is the chief requisite and as accuracy becomes 
the prime concern, the clubs are shorter in length. The length 
of the backswing and Ihe number of hody parts used or the 
distance throuiib which the l)ody parts travel are also reduced 
lo increase c onlrol of the shot. 
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ftNf|HHHm«Mt hi ifjil i.<c *lc^i < . i.U^r a.j^xi h.,,i^ u,uvi iu 

1% <fi4*»>j w^fU iiti- )«.Mo- >. s M .iM: ilvi < .1 J >;h., li ij,<: 

^t^MlMf M il»:M»:'«*H lv» *4».o hi iM'i'HiMj, h^* ru .J hi .ill 

hM.i\ i. i.i «i it.i vhJm ihi vi fh, .»( . .^.u 

|<.Mit lil hI fiiit t U htKi wf* i.ut i»iUi<<iii/^.;j- <hi^ h« if i v * ^- M kl 

< .^Mtjuhu mI V\ tu hi* <h'^.i,u <; «(;< Ij.ui^ v^.u.u * u-u 

fiNUiiUi iU I iSti^hil i\tii Uniuuh l^W KM.U o hi .iih;$\<^ 

u j.i V niUMii lua \ ; i . \[ » h l.iM. t U i - Uh \ t • hv h ^» * Ixhe 

ih.it % tu<,H( i |hi *hi>v*u\ jMt fui^ i U t'^b 

tht hM»l> til ihi . t .tiiJi ^ Miiiih'h U ihi h,.h<>trir 

l.il ha. r 



How? 



To juoHi u MtutIv Otc" 

ittt At f4k«* Olf 

nun ^HiMiUi )h» in 
M takf off 



Kc ^.iM III ■) 111 f hr ! \ I tr ml {Im^ ^ f hn* n i.lj* k i tuit t'U\^ .th ' lh«^ 
•^.tlHi^ th w-iifihhrMt t*Mh»^ -tMjMvlMhU*- Jiiii Ujiil nf fuh 1" h H Uu* 

}{i\t' thr lic^^Onl (u i^hl viiui iJr.hU)^ U) IIU' jU^MOfMhUU «' I h»* 
l.t( {• Hi i'MUnw h.ihul i^.Mlji'r wllii h t |)h)|*^ hiM) .^|( 

|iMNf »M)H 1 hu tiM-j vv«*fO -.ijthiH4t»on iM ftH« hHt» 

t nhhii h .uui iKil.hU 1' 

till' .Ulvlji* u) hiki* oil in JtHHpMI^ n (|( IrrrHUU'd i)v lh«^ 
.MiuKin! t»l hfuls l»Mn V\hi»t» nirti|iHi^ v« tin llu' t t»iU«'r u( 
ImmIv rtt.r.s nIwujM Iw civrr lh«* ( mWM < t>tMMi ^h'«'l) .M h^ki» uM 
VMu'it ific ,nm 1% In < uv<*f hur»/t nihil thnhMU «v fluM t'OlfU 0I 
hu<K Jtui ht^ hUmmM til tlUM (irthU t |><Mht Ihr aihuuhl t*l 

applu^d t.iki' uft (It'lonnMUHi lot iho nm^vt mut |iv 
^p<•*Hl .»! \\\u{ h ji^JMl liuhs tu I III Hu* f.Uo .it wUh h kHiy 
M'iin\t'nts nu»vr k tho n^.iiot hi< tot in ihi* liviontun.Muui nt iho 
takf nil vi'loi liv ft^vi.iitllt'sN nt tlio difrt tmti ni .uh;U* t>l t.ikt*- 
ott 



FOR 
HEIGHT 




FOR 
DISTANCE 



V 

Figure 21: When jumping for height, maximize the vertical component offeree at 
take-off and minimize the horizontal component. When jumping for distance, increase 
the horizontal component and decrease the vertical. 
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Why? 



Muscular force for 
jumpiiig is increased 
when the extensor 
muscles of the lower 
?imb are stretched 
quickly 



The crouch prior to 
jumping should no^ 
slow the speed 
while r^overing 

A transfer of 
momentum and 
balance is attained by 
use of the arms 



Lifting the lead leg 
forcefully and rapidjy , 
contributes to 
converting horizontal 
to vertical momentum 



The tbrcc which c\in U» cipf)liccl dl (dkc-oft is from muscle 
(onlrciclion tind the Irdnsfer of momentum (hal has bwn 
developed is either by the arms or from a preliminary run. 

Regardless of (he jump direction (he muscles of the lower 
limbs are pu( on stre(ch by flexing (he join(s of (he lower 
ex(remi(y prior (o (ake-off. The depth of (he crouch is limKed 
l)y (he s(reng(h of (he ex(ensor muscula(ure, e^,pecially (he 
quadricep muscles which ex(end (he leg at (he knee. 

Akhough a deep crouch increases the (ime and distance 
(hrough which force can be developed, a considerable 
amoun( of force is required (o overcome (he resistance to 
movemen( in an upward direction (moment of inertia). 

The deeper (he crouch, (he more s(reng(h required to jump 
upward. The^clepth of (he crouch should iic governed by (he 
speed a( which you can move from i(. In o(her words,.do not 
let (he dep(h of (he crbuch'^low down (he speed of extension. 

The arms act primarily as balancers during (he jump and (o 
crea(e some mome^(um which will influencethe posi(ion of 
(he (runk and help {Qlcontrol (he body lean. In (he lower limb 
(he hip and (he ankle seem (o serve as posjtioning joints while 
(he propulsive join(s >are (he knee and the.me(a(ar- 
sophalangearjoin(s. The hip and ankle acdon prior (o lif(-off 
;main(ain (he body segmen(s loca(ed above (hem in (he proper 
alignmen(. This influences body position, hence .angle of 
take-off. The joint actions at the knee and the ball of the foot 
move the body in the desired direction. These could be called 
the propulsive joints. Extension of the leg at the knee provides , 
the majority of the propulsive force at take-off. 
^ When jumping for height following a run or some type of 
moving approach, the jumper must convert horizontal 
momentum into vertical momentum. While not e^^y^ this is 
accomplished by a forceful and rapid knee llfl of the lead leg. 
This is the purpose of the hurdle step in springboard diving, to 
"rock" the body back over the support or take-off foot. The 
speed of the lifting action 1^ directly proportional to the speed ' 
with which the bod^y is traveling. High -jumpers take a slow, 
bouncing run up to the bar so.that they can convert all of their 
horizontal momentum into the vertical direction. The amount 
of horizontal movement needed in high jumping is very slight, 
only enough to crossjhe bar. The vertical velocity at'take-off is 
further increased by the vertical acceleration of the free leg 
and both arms.'These movements increase the force applied 
against the ground ^ind result in a greater reaction force. Stand 
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vertical momentum h 
needed to keep the 
body In the tiir during 
the long jump 

In a running lonK 
jump the vertical 
force is about ono<half 
that of the 
horizontal force 



on ii sc jIt' and swln^ your lUms upward rapidly, tlien slowly. 
Notice that when you svvin^ them rapidly the scale reads 
higher than your actual weight, but when you swing them 
slowly the reading oji the scale does not change. This will 
illustrate the importance of doing these movements rapidly 
and not just going through the motions. 
. jumping for distance requires some vertical velocity at 
take-off too. Long jumping requires the jumper to jump as 
high as f)()ssil)le while running forward at high speed to create 
sufficient lift to keep the'body in the air long enough for the 
horizontal force to l)e expended. In the running long jump, the 
vertical force is about one-half that of the horizontal, to 
ac hieve a take-off angle of about 26° al)ovethe horizontal. To 
achieve a take-off angle of 45°, both the horizontal and verti- 
cal velocities would have to be equal. To achieve this angle 
the horizontal velocity would have to be reduced consid- 
eral)ly. In so doing the horizontal velocity at projection would 
be too small to produce ^ jump longer than the combination 
of the high horizontal take-off velocity and the lower angle of 
projectioji. 

Once the body is in the air the trajectory of the center of, 
gravity of the total body has been determined. The body may 
change its configuration around its center of.gravity but these 
actions will not alter the flight path. Movements seen during 
flight are made to gain equilibrium so that a controlled land- 
ing can l)e made. Jhe longer the jumper can keep the feet up 
the longer the jump. Control at the moment of landing is 
essential so that the lower limbs will flex upon contact and let 
the center of gravity continue on down its flight path. If flexion 
does not occur or the body is not in equilibrium the jumper 
often falls backward after making foot contact. Some angular 
momentum was created at take-off\^s a result of the plant step. 
Head and arm movement during the initial part of the flight 
seeks to keep the body from rotating forward. This angular 
momentum is "stored" until landing and is then available to 
rotate the body forward over the feet. 



What Else? 

Walking is or of our most practiced skills. Walking is a 
reflex action and is regulated by subcortical levels of the 
brain. This enables us to carry on a conversation'or to think 
about what we want to do after school while we are walking. 
We become most aware of how we.walk when conditions 
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when walking, the 
arms control the 
rotational forces 
created by the 
swinging leg 



For efficient walking, 
the up and down 
movement and lateral 
sway should not 
exceed 1 3/4" with the 
foot clearing the 
surface by 
approximately 1/8" 



cause us to change our normal patterns. Some of the special 
conditions which call for an alteration of the basic pattern are 
walking on slippery surfaces, such as ice or a wet pool deck,\ 
walking on soft surfaces, such as dry sand or in mud; and 
walking through something, such as tall grass or six inches of 
water. 

Walking is accomplished by the thigh swinging forward 
from the hip while the foot of the opposite limb is pushing 
against the supporting surface. A lot of gambling is involved 
for you are gambling that your swinging leg will contact the 
surface before the pushing foot leaves the ground. The body is 
actually pushed off balance and caught by the swinging foot > 
before it falls too fa^. The function of the arms in walking is to 
.counteract the rotational forces created by the swinging leg. If 
these two rotational forces are equal, the body moves straight 
ahead; if not, the person will seem to twist from side to side as 
they walk. The twisting is a wasted, inefficient motion. 

It is not possible to remove all unwanted movement from 
walking, but it should be reduced to a minimum for efficiency. 
During an efficient walk, there is both up and down move- 
ment and side to side movement. A smooth movement is 
produced when the up and down movement is no more than 1 
3/4" in height and the lateral sway is of the same magnitude^ 
The swinging foot clears the ground by an approximate 1/8 of 
an inch. 



How? 

Walking is not a simple skill. The body is moved forward in 
a straight line by th^ rotation of two stilts (legs) in opposite* 
directions. Force is applied to the pelvis first on one side and 
then on the other. It is a good thing that walking is controlled 
by reflexes and does not require our conscious thought! Effi- 
cient walking requires the reduction of excessive rotation of 
body parts and keeping vertical movement to a minimum. 
Rotational movement The position of the feet, toes pointing straight^eujd, is the 
is minimized in first rejqui!;ite to reduction of excessive rotation, SeconaTy*the 

walking by the counter arm Swing must balance the rotation produced by the limb as 
force of the swinging it swings forward. It is possible to set up excessive rotation of 
arms and by keeping the trunk by Swinging the arms too vigorously. Rotation is 
the support foot under further controlled by keeping the feet under the body when in 
the center of gravity the support phase and by swinging the limbs forward on a 
straight line, \ 
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Timing of the push-off 
by one supporting; foot 
controls the vertical 
movement of the walk 



The direction in which 
the feet are placed 
establishes the line of 
direction of the walk 



Vertittil movement is controlled by timing of the pushing 
action of the support le^. If the support foot pushes off too 
eiirly. while the center of gravity of the body is still over the 
foot, a bouncy walk occurs. If the push comes loo 'ate the 
c(^nter of gravity of the body has moved too far forward of the 
support foot and the knee of the swinging limb must flex more 
than it should to catch the body woight jThis is oN erstricling 
and causes excessive vertical movement of the body. The 
center of gravity fellows a pati> that resembles a roller co.->';vc*r. 

Many people was'te effort by walking with the feet fumed 
out. This causes force to be applied at an angle to thr clc-t>;red 
direction of movement rather t.i.iP stMight ahead, vh s foot 
placemen results in a shortened stride, i fro speed of th(^ wal!c 
is governed by the strjde rate and (he stride length. 



Why? 



A reflex plantar flexion 
which will increase 
forward propulsion 
can be induced by 
placing the toes 
straight ahead 

Improper directional 
placement of the feet 
can cause joint, 
ligament, and ^ 
muscular damage 



Children learn to move by imitating others. Walking is no 
exception. This is why the gait of children is often patterned 
after the parents. A major fault in walking is outward rotation 
of the thigh at the hip joint causing the foot to be turned out. 
When the leg is extended at the knee the position of the foot is 
controlled by moving the thigh at the hip. When the foot is 
turned out, forces are applied in twodiroctions, backward and 
sideward. The force applied in the sideward direction does 
not aid the forward propulsion of the body. 

Toeing straight ahead utilizes a -reflex plantar flexion of the 
foot as the center of gravity falls anterior (in front of) to the 
point of support. This reflex thrust increases the forward pro- 
pulsive force. Wheri the foot is turned outward this reflex is not 
activated. Toeing out also places undue stress on the longitud- 
inal arch of the foot as the body weight rolls over the medial 
side of the foot. This action also stresses the ligaments and 
musculature on the medial side of the knee joint. Many lower 
back pains can be traced to improper foot mechanics. Toeing 
out shortens the stride because of the lack of reflex action and 
the toes are not in a position to push off in a forward direction. 

A waddling gait occurs when the inner borders of the feet 
are too far apart. When the feet are spread, the body must be 
shifted from side to side with each step. This sideward shift 
requires energy and reduces the length of the stride. 

Some people look as though they are doing the rhumba as 
they walk down the street. They have a delayed weight shift, 
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As forte oi propulsion 
increases, Ihe stride 
lengthens 



Smaller strides 
increase stability on 
slippery surfaces 



ihiil is, thoy lend lo pLic e th(? fool before shifling the weight 
forward. This is accoin()lished by a relaxtitioii of the lateral 
gluteal musc les as the weight sliifts to each foot and you see 
the f)elvis tilting from side to side with each step causing 
( Ofisiderable hi[) sway. 

The s[)eed of the walk is regulated by the amount of force 
applied against the supporting surface. As this force increases, 
the stride lenglh increases. The trunk leans forward to bring it 
more in line with the pushing foot. This increases the horizon- 
tal component of force. This lean lowers the hips and makes it 
necessary to increase the flexion in the support leg and in the 
swifiging leg. The increased flexion in the swinging leg re- 
duces the niomenl of inertia and allows thl» leg to be brought 
forward more rapidly. When the" swinging leg cannot be 
l)r()ught through fast enough to maintain total body velocity 
llie stride is shortened. Walking at a rapid pace soon becomes 
tiring because of the amount of muscular force needed to 
move tlie legs forward rapidly and to overcome the resistance 
encountered on each step. At this point it becomes less tiring 
to break into an easy run. 
' Walking on slippery surfaces calls for an increase in friction 
between the foot and the surface. This is accomplished by 
•increasing the surface area by walking flat-footed. The flat- 
footed walk shortens the stride length which increases the 
period of double support and reduces the horizontal compo- 
nent of force at push-off. 



What Else? 

Fast walking is more How (loes running differ from walking? The mos1 obvious 
tiring than an i^sy job difference is thcvrate of speed. Locomotor speed is the interac- 
tion of the stride length and stride rate. But running is not just a 
fast walk. As the limb movements of a walk are speeded up the 
internal resistances are increased and a considerable amount 
of force is expended that does not produce fgrward move- 
ment. In fact much of it resists forward movement. You 1 
become tired sooner when you walk very fast than you do 
when you jog easily. A person will break into a run or jog 
when the speed of movement approaches five miles per hour 
to reduce the resistance phase of the walk. Women will find it 
more efficient or easier if they start to run or jog at just over 
four and a half miles per hour. 
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When the speed Tht? major ways Inwhicli a run differs from a walk are 1) an 

is approximately airborne period exists when holhfetMareoff ihegroxjhd, 2) the 

5 mph a jog is xesislive phase is reduced oroliminatcd, 3) the knee maintains 

more efficient a greater decree of flexion through the early portion of the 

• ' support phase, and 4) a longer stride is used. 



How? 



\ 



In sprinting the initial 
contact is made with 
the ball of the foot 



In sprinting, the foot 
should be moving 
backward at the 
moment of contact 



Factors that are common to both sprint and distance run- 
ning efficiency are minimal vertical and horizontal movement 
of the body and maxfimal forward movement of the body. This 
is accomplished by observing the factors identified for effi- 
cient walking, full extension of the leg during the power 
phase, and keeping a flat lower back. 

The techniques of efficient sprint ruqmng and of distance 
running differ somewhat, not only in the' rate of movement, 
but in the foot action. Sprinters tend to make initial contact 
with the ball of the foot while most distance runners make 
either a heel-to-toe contact or a rather flat-footed contact. 

A second difference is in the resistance phase of the run. 
Sprinters work to have the foot moving backward at the mo- 
ment of contact so that they are immediately into the power 
phase of the run. Distance runners may encoUnter a brief 
resistance phase as the foot contacts the surface slightly ahead 
of the body. The* speed of a run is determined by the length of 
the stride and the number of strides perunit of time. / 



Why? 



Force is reduced when the foot is in a position where the 
toes point straight ahead. A foot position\of toes straijjht ahead 
maximizes the forward propulsive force^if the foot toes out; 
the forward force is reduced. When the^entire foot contacts 
the ground, the weight is transferred froni.the heel along the 
lateral border of the fool across the ball of tne foot for the final 
push-off by the big toe. 
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Arm length is 
shortened by bendtnK 
so they can moCe 
faster to counteract 
the leg rotational forces 



A forward lean of the 
trunk limits hip flexion 
and shortens stride 



Factors affecting 
propulsion are also 
operative in running 



SpeefJ of the stride is 
dependent upon the 
ratio of lime between 
contact with the 
surfact? and time in 
the air. 



Runners carry their cirnis in a more flexed {position than they 
do when walking. This is necessary to shorten the resistance to 
rotation so that the arms can be swung forward as rapidly as 
p()ssil)le to keep pace with the rapidly moving legs. Arms 
should l)e moved forward and back in a relatively straight line 
unless you are runtiing on a curve. If the hands cross over the 
mid-line of the body, body rotation of the trunk will occur. 

During the propulsive or pushing phase of the run the body 
should be kept in line with the pushing leg. A forward lean of 
the trunk limits the amount of hip flexion and shortens the 
stride. It is impossil)le to get a good swing forward at the hip. 
Running with the center of gravity of the trunk too far forward 
leads to a thumping, noisy type of run. The weight comes 
down too heavily on the foot. 

The uppermost joint of the lower extremity is the lumbo- 
sacral joint. The pelvis is where the lower limbs fasten to the 
trunk. Actions of the limbs can, therefore; be hampered or 
facilitated by the position of the pelvis. The lower back,' 
lumbar area, should be flat when running to maintain the 
proper position of the trunk and pelvis for effective movement , 
of the limbs. 

Stride length, the period from push-off of one foot to contact 
l)y the opposite foot'. Is affected by the length of the limbs. A 
shorter person must take more strides to cover a given dis- 
tance than a taller person. Factors over which you have some 
control are the force applied at toe-off and the body position. 
You are actually a projectile for the period of time that you are 
airborne while running. Therefore the factors affecting a proj- 
ectile apply also to running. These are speed at push-off, angle • 
of projection, and air resistance. The speed at push-off is 
largely dependent upon the force^applled by the muscles and* 
the direction in which this force? is applied. The angle of" 
projection Is largely determined by the body position relative 
to the pushing foot. Air resistance can lengthen the stride If it is . 
blowing against the back. If there is a strong head wind, the 
forward lean is Increased to decrease the surface against, 
which the wind can resist ypur forward progress. 

Stride frequency depends upon the time that you spend on 
the ground and the time that you are in the air. When running 
at top speed, you spend more time In the air. A jogger spends 
more time In contact with the ground than In the air. Stride 
frequency or rate of striding is determined primarily by the 
strength of the musculature used In running. 
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For successive qukk 
changes of direction 
the stride should be 
shortened to increase 
time in contact with 
the surface 



Not all running is clone for ihu purpose of speed. When a 
quick change of direction is required though, steps should be 
short so that a foot is in contact with the ground nearly all of 
- the time. The body cannot change thedirection of a run until a 
foot is in contact with the ground. Good running backs in 
football run in a somewhat choppy manner. Short strides 
enable them to change direction quickly. By frequently 
changing the foot, which is in contact with the ground, it 
makes it more difficult for the opposition to tackle them. 
When the field becomes more open, the running back 
lengthens his stride to increase the speed of the run. 



\ 



\ 
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CHAPTER TWO 

appearance 




What Else Do You Have to Help Me? 

Persoriiil appearance is important to everyone. The pos- 
tures of individuals reflect their feelings and sometimes even 
their health. It is a rather vicious circle, if tired, you slump, 
demanding more muscular energy to keep the body from 
collapsing. This results in fatigue. 

How Do 1 Get It? 

Balancing the human body is not an easy task, but it is 
- possible. A balanced posUire is one that uses minimal muscu- 
lar effort to keep the body in a particular position and does not 
place undue strain on the ligaments at the joints. TJi ink back to 
the requirements for a stable equilibrium. A stable position 
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( alls I'or ihc! c enl(»r of gravity to be centered above the base of 
support. It is not always possible or desirable to have a wide 
base and a low center of gravity but it is possible to keep the 
center of gravity over the base. 

Good posture in the standing position when viewed.tfom 
the side would find a fairly straight line passing from the ear 
lobe through the tip of the shoulder, the center of the hip joint, 
posterior to the knee cap and falling about 1-1 Vi' anterior to 
the ankle joint. The body weight should be centered between 
the heel and the ball of the foot. Laterally the weight should be 
balanced so that the line of gravity would fall midway be- 
tween the feet. 



Why Does It Happen That Way? 



When standing the 
position of the feet 
form the base of 
support 



The center of gravity 
in human bvings is 
located in the pelvis 
on a line with the 
hip joints 



The skeleton is 
composed of 
specialized bones 
which facilitate yet 
limit actiop 



Balancing the human body is easier said than done. When 
critically examining the body, it is seen as a marvel of instabil- 
ity with its high center of gravity and relatively small base of 
support. Man does gain an increase in his range of vision from 
walking on his hind legs however. Keep in mind the principles 
of stability as we look at the human body — large base, low 
center of gravity, and line of gravity centered over the base of 
support. 

The base of support is formed by the feet. The feet are not 
large when compared to the total body size. The size of the 
base can be increased functionally if the feet are spread apart. 
Our small base of support enables us to move quickly since it 
doesn't take long for the line of gravity to move outside the 
base of support. Sometimes we operate on a very small base 
when we stand on one foot or smaller yet on tip toe. 

Does the body have a low center of gravity? The center of 
gravity when in a standing position is located in thejpelvis, 
about one or two inches below the junction of the spine and 
the pelvis, about on a line with the hip joints. This is not a 
particularly low center of gravity. When we wish to lower the 
center of gravity to increase stability, we go into a crouch or 
squat position. When we are sitting down, we have a very low 
center of gravity relative to the supporting surface and even 
lower yet when we are lying down. 

The most difficult task is to keep the line of gravity centered 
over the base of support. Look at the skeleton to visualize the, 
balance problem that we face. Remember that it is the anti- 
gravity muscles which keep the skeleton from collapsing. The 
lower limbs are set toward the rear. of the feet, not over the 
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The size and length of 
muscles as well as 
where they attach to 
the bones make them 
efficient for 
maintaining balance 
and producing force 
for specialized action 



Proper alignment of 
body segments is 
necessary to optimum 
balance and efficient 
movement 



Weak muscles can not 
assist in maintaining 
proper alignment; 
hence stress is placed 
in joints and ligaments 



cenlor. Two long bones balanct* together on their narrow ends 
at the knee joint. The pelvis has an eccentric attachment to the 
femur and can rock forward arid back rather easily. The spine 
attaches in the center of tlie pelvis from side to side. From 
anterior to posterior it is to the Year of the pelvis. Remember 
that the spine is not a solid bone, but is made up of tvventy-foui 
vertebra stacked on top of each other and poorly stacked at 
that. The spine is a series of anterior-posterior curves. In the 
thoracic region the ribs extend out front. On top of the stilts, 
topped by a rocker which supports a zig-zag spine, we find the 
heaviest bone of all, the skull. 

Some of our skeletal instability is corrected when we con- 
sider the location of the muscles of the body. The largest and 
hence heaviest musclature is in the region of the thigh. This 
helps to lower the center of gravity of the total body. Another 
heavy mass is the viscera which is located. in the abdominal 
cavity. Much of this mass is situated anterior to the hip-joints 
and therefore tends to rotate the body forward. This force must 
be countered by the strength of the muscles of the back which 
keep the spine erect. Anterior-posterior balance or alignment 
of the trunk is difficult to maintain. Lateral balance is usually 
good because there is a rather even distribution of weight 
around the centrally located spinal column. 

The function of the abdominal musculature is to hold the 
ribs and pelvis together. Well-developed abdominal muscles 
pull up on the anterior of the pelvis and this reduces the 
curvature in fhe lumbar area of the spine and reduces the 
prominence of the buttocks. The abdominal muscles are not 
the only muscles attaching to the pelvis and they cannot pull 
up on the pelvis unless the knees are j ;htly flexed. When the 
knees arejocked, thrown back, this causes the lower back to 
hollow and the abdomen to become more prominent. The 
contour of the abdominal wall can be improved by proper 
positioning of the pelvis. 

A sagging abdomen may be due to lax abdominals. A 
protruding abdomen in a young child is normal. The liver in 
the child is relatively large to reduce the space available for 
the intestines, hence, the prominent abdomen. This disap- 
pears by the time the child is eight to ten years of age. In the 
.over forty adu It the sagging abdomen may be due in part to a 
vveakening of the^abdgminal muscles, but it is compounded 
by the fact that the intervertebral discs, the fibrous pads be- 
tween the vertebra, have thinned to the point that the person is 
getting shorter. This means that the abdominals are now too 
long for the distance betvC'een the ribs and the pelvis. 
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Figure 23: Tin* skeleloii is ^\^ e\*^iii[)lc of iiislabilily with its high center of gMvity ,vm\ 
snull hiise of sUf)[)ort. 
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Ilu' Irunk scrvt's ,is a ri^'iil Imsc lor (he opcralion j)( the 
,i[j[H'nfl,i^('s, ih(» jrfns -,in(l !i >;s. Iht' ,il)(l(jnijniil nujsclos 
s|K'fi(l ,) ^riMl jiiujufil ul linir .'.\bilMMfi|^lho unsUililu vurtc'l)rnl 
l olunif). It is \hv iUili-^r»jvi;\ tnusi It-s which keep the bociv 
,irul .jMViljing that the hcjcly i> suppoi Jirif^, uprij^ht against Jhe 
pull (j( gravity. These muscles are the extensors of the .ipine, 
tfie ,il)cl(jminals, antl the exfensurs of the hip, knee, and ankle. 
Thf InwtT t'xiri'miiv is Mie lower extreniily has the iliial lunction (jf supp(jrl and 
(or supp<iri .ind omolion while the upper exlreniily is concerned primarily 

locomotion; upper with niiUii[)ulation. The sole (unction of the upper extremity is 
is for nunipuljiion to position the hand for work 
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CHAPTER THREE 

coping 




Since all movement 
Is governed by our 
anatomical structure- 
and controlled by 
the concepts of force, 
violating these concepts 
will injure I he. body 



M()M movements are involved with the performance of our 
daily activities. Common activities include walking, silting, 
standing, picking up the newspaper, carrying a sack of 
^'/oceries, putting the box of cereal on the shelf, pulling open a 
dravver. opening i door, a. id lifting a Snndwich to our mouth. 

Movement principles should be observed in the perfor- 
mance of these activities to avoid strain to the musc:les and 
possible spraihs of liganients. You may be able to perform 
inefficiently and feel no pain for a period of time. As time goes 
by, the accumulation of these stresses to the body structures 
.will be noticeable. Signals of abusejare osteoartfirltis, stiff 
joints, aches, and perh aps pain from rt''^ *^ ely^ieasy work'. For 
a more pain free existance in later yea. ^ ['/cper m-^^chanics of 
movement should be practiced throughout your lifetime. 
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What Else Do You Have To Hi^lp Me? 



We lilting Is jII ilic tioir. VVr lid .\ pciu il oil llu» 
(li'sk lo v\ lilr, wr lilt our tUin to sct'oiir w.ili I), lilt \},hh (Mii'soul 
ol tl)i» sli()()()ii)i; ( jrl, iiiul lilt our shors oil llic lloor wluMi wc^ 
L;rt dressed. At hoiiir wo lilt wiiulow ,is \\v ojUMi it, lilt iho 
piiino luMu h to v.u uui!) under il, .ind lilt tlu' Korh.i^c \),)w In 
( .irrv it ( >ul 

WhiMi lii;l)l ol)|ri .jic to ho lillod, ( )mIv the iinn is us(»(|. As 
hoiU'v ol)|r( Is inovi'd moro body [Kirts (oiiu* into .k lion, 
I ho stroo^i'st nuis( li's o| ihi» hody jro in Iho lowor lirnli so iho 
IjOiU'W'.i liltinL; sliDuld ho ilono l)y oxtondin^ Iho lo^s, l3o 
( .jroful thiit the lowor liiU k is not lioin^ ovor-slrossod (luring 
hoiU v lilting. VVlion lining hoavy oo|o( Is the lifting force is 
prodiit od In- tho nuisc los of iho knvor lirhb; iho arms hold Iho 
ol)joc t in posiiicm and iho trunk is tliooonnoc tin^ link between 
them. 

How Do I Get It? 

Usi^ ihi* l^•^s lo lift Very li^ht objet Is pose few problems in terms of injury. As 

hVavVohjeits ^ ^ objoc ts Income heavier some ^onertll rules of Hftinj^ should 
l)e observed. Kemomiier to lift with the lej^^s, keep the back 
n'lativoK flat, and koep'llio oiijoct as close to Ihe body as 
f)ossii)lo. 

lo add insuranc e ai^ainst tho Loss of balanc e spread your 
foot in tiio diroc lion of Iho load to widen tho supptjrt base. As 
an olijoc.t is lifted it becomes part of your woiy;ht. i^eaning 
away fn>m tho objeet makes it oasii'r to lift. 

Why Does It Happen That Way? 

Pull Ihe objet I as close Safe and easy lifting* is done wlien all forces are applied 
lo you as possible - vertioallv through Ihe body. Sonuvforce must be resisted on a 
before lifiinK diagonal, hut this should be kept to a minimum. Keeping the 

ol)joot as close lo the body as possible reduces the rotational 
forceps that are created l^y Ihe object when il is held some 
disranc:o away from tlie body. 

Clral)i^ing a heavy sdck of groceries by the top to lift il out of 
the irunk puts stress on the forea>^ii musculolure and the back. 
A loss stressful methcxi would be to flex the knees slightly, 
f)lace both hands under the sack, and lift with the knees as 
much as possible. Mnny automobile designers hiive not con- 



(lie nius( les used lo 
UU ihouM f)e (iialt bed 
in sirenKtb lo Ibe . 
wei^hl of Ibe objec I 



sidi'icd ^'immI tifllnfioti^nincnl, Tlu^ Inink iiiul Iniinpordcsi^os 
l()r( (» us lo use \Uv upp(M \nn\y slrcn^lh lo till olijcn Is u|) iiiid 
oul 1)1 llio Irunk. I low iniu h i\\<m il would Ih' if \\v could 
slid(» Ihc s,u ks lo llu' odf^c of ihc Irunk. i hum Ii down lo pull 
llu^ l),i^ «ig»unsl our hip, slr«u^;hl(Mi'(nif It'^s .md w,ilk ^iwMy. 
Our l)iU ks would he (l(Hij^ht(^dl 

K(*(*p llu* litu k r(»liUiv(»ly IkU vvlnvt lillinj;, ('spcu iiilly tho 
low(*r l)iU k. You nuiy (*v(M1 t*\p(*rii'n( t^sorcM^'ss o( |h(» oluloni- 
in.il nuisi Ics , liter luMvy lining toi ihcy must si.iblli/c the 
posilion of llu» polvis lo keep lli(» l).ic k llol. A c luu to p()ssll)k» 
(^sive slrt^s on the lowi^r ixick is llie liips nuWing h»K:k- 
Wiird l)efore llu» knees slriiighUm you sl»trl to lifl. This c MUses 
niori^ lifling to he clone i)y Ihe Iwck tind upper Ijody. 



What Else? 



comtjnl application 
of force 



Sonielinies we hitve oi^iecls which tiro loo lar^o to be lifted 
yet need to l)e moved, such as a clnvenport, a large box, a 
piano, or a f)iece (if gymnastic apparatus. Other objects are 
designed to be pushed, such as a lawn mower. Pushing re- 
quires a constant application of force to keep the object 
iiiovin^V^ficiency is lost if the application of force is not 
continuous. When an object is allowed lo come to resl ihen 
force must be used lo overcome the resting inertia. A pushing 
action is used in sports as well as when putting the shot or 
shooting a basketball. 



How? 



Apply foicr m/tir 'Sir 
cFn5f*r cf gra^ i]y or 
obftict c-nd in 
d^ired direction 

A dr^'HWJtrvi pusn is 
ina^iirrjued if one's 
bcK^y weighit can be 
pUced on or ov^r itic 
object 



Efficient pushing requires that the force be applied as nearly 
as possible in line with the desired direction of movement and 
as near the object's center of gravity as possible. If you want to 
push something in an upward direction the body should be 
unclei ihe object. In this way the extension of the hip and knee 
'oij/ts can add to the force produced by the arms. To push an 
jftjiject iorward place the hands, at chest level, flex at the 
elbows, and lean Into the object. When pushing downward 
try to get your body weight over the object When pushing 
-^'own the legb cannot be used as an added force. Regardless of 
t'fO dlreebO'^ in Vv/tlch the object is being pushed continue lo 
appiy:4forr e onto il begins lo mcve,| When pushing In the 
forwurff Jirerrion you may -^eed lo lake short steps to remain 
in conldc: wi^.h ihe object Sometimes you see people pushing 
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p()sv<M . . ' ' iiiiihs in rshM^ion, Ihis isdoni^whon orni 
sIhmihIi '( unit it'Ml (or liMnsinillinH 't^' Iok of lh(« k^s |o 
lluM)h(iM I, A nisiulv.inUiK^* pushinn with \\\v hips i^ th.it ihr 
pihluM is uMtihlt^ U) st'c in Ihr lorvv.ud dinn lion, iiiul il is r.isy 
lo t.ill il iVcI should siulikMily shp, or il oh)(H l iin(»x- 
(H'( liully ifu r(Mst»s ils fiUc ol" niovcnuMW. 



Why? 

fore I' whit h is not applied Ihrou^'h Ihc ( imiIim of ^'riWity of 
.in ohjK I prodiK t^s rolalion. This is why iho offic lency of Iho 
pushing lU lion is inc riMsrd when Iho force is tip|)lii'(l close 
lo lhi» ( onler of ^mvily tis possible. Sonieliines il is not possible 
lo ^el in tine wilh llie c enler of ^rovily of Ihe objecl and thus 
on(» nujsl iiltow for the resullanl roUilion. Undesirable rolalion 
of Ihe objecl Ctin be controlled soniewhnt by spreading Ihe 
hcinds lo ^ive belter control, especially if the object is lon^. 
.PoinifeeilndoHiretl The position of the body also influences the direction in 
dircciionuf movomenl which the force is applied. The feet should be pointed in the 
desired direction of niovenienl. This allows Ihe force lo be 
Lean lo plate the ccnttr projected Straight toward the object. The slight forward lean of 
of gravity in front of the body should come from the ankle. This helps lo keep ihe 
the feet Vertebrae of the spine in j^ood alignnienl. When the hips are 

flexed the force of the push is reduced since Ihe amount of 
upward forre applied to the object is increased. A reduced 
effective force results. A forward lean places the center of 
gravity of the l:)ody in front of the pushing foot. Care must be 
taken to m.i'Mtain s^iffirient friction between the feet and the 
su[)[)ortinv> i J face Hn 'lould push with the feet in a forward 
stride po^.I:i( n rdther ;)an a parallel position so that if slipping 
should orcjir voo arr '^ a better ■ position to prevent a fall. 
A soft surface intieases A soft surfa:::» os considerable friction which resists 

sliding friction the pus. m;;* > I Iu » is tspeciatty true If the pushing force 

must be .J above the cf.nter of gravity of the object 
l^ecause of its size or structure. The downward component of 
the force which is Tipptied al)ove ihe cf^nt^^r of gravity in- 
creases the resistance to movement across {Ke soft surface. In 
th'^. situation it may be easier to pull the object so that the 
lifting component of force is increased. Another solution to 
roving an object across a soft surface is to rotate the object, 
ihis is accomplished by applying force at the top 6dge and 
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\v>^ frit Hon I** 

ol two Iniii hhiH 

tnlnitni/tMl 

Knlu(«* lri< linn <)> 
nuu h ii> |M»sihl(* 



.illnwiMf^ ||)(» <ih)P( I In |,)|| ow hiili* li(i>> Itnn ih itipiflly 
i«'|ns)UMl .ind ( .in \)v v\Uh Ioi ^^l |( « \ > li uh* ddI loo 
\\Vy\\'\ and (Im( I WW \)v movpil iii Inis nuiiuuM. 

AnolliPi \Vt)\ \)\ moving ohjiM ls hy piishiiH? iK lions over 
\)\\\\\\\ insiMivi' suil,u i»s is (o "wMlk" il, I is lipjXMl 

nolo ,1 MiUiow 01 point to mmIiu (♦ liii lion ,wwl Um v Is 
.ipplicd to .tllcm.iU' to n^ovo Iho ol))n( t tur\v«ird, I he 
hiilitoi i») tho ohj(M t nuisl hn niiunt.iintul ovor the niirrow 
rdKtV 

KoMKMohni tluit tho in.M(» thn lri( lion hrtwnon tihjct I 
.tnd tho supportini^? siirMi ,in \ )v icdm fd thiMwsicr 1 1 will bv 
lo ni(jvo \\)v ohjoi I, It vvill niovn (msIim oti >\ vviIMmI lloor, 
provided ytui i »\n ntaint.iin siiitii ieni frit lion In'Ivvoimi your 
l(*ol .mtl ihn smt»u (' to opply the no( t^ss^ry JtiiounI of Ion c. 
Hie iise ot wheels iilso ni.ilvi^s il Otisier to inoviM lieovy ohjtHi, 
H you iummI to move iin ohjet t su( h »is ,\ ituutriss from one 
room li) iHioIIhm push the nuitlri^s ott the Ix^d onto Iwo rol 
pin^ nr dowels. 



What Else? 

f'ullInK iniMMsos !hi» Pulllfv is us(»d tor ol)je( Is lh«il »iri* loo lusivy to lift and for 
vorili jl compomMii of ol)ie( Is v\!ii( h are very diffieull or itiipossihle to push. I\illinj^ 
forio has th(» advantage of in( reasin^ iho vertical t:onipone(il of 

force* and luwue a[>[)lies a liflinj^ effi^ l. \ 

[Hilling ac tions can l)e of three ty[)es. One involves pulling 
sonu»thin^ down from above slioulder kwel such as, pulling 
down a window shade, pulliny; on the rope cf a church boll, 
and ( limbing a rope. In rope c:liml)inH, the rop(» is fixed so 
conlra( ting muscles cause the body to be raised nc\uer the 
hands. The second type of pulling has the ol)ject nioving over 
the ground, such as a coaster wagon or sled. The third type 
involves » more hori/f)nlal action such as pulling open a 
drawer in a cabinet or chest. 



How? 

Principles )f pulling Th<L* principles for pulling are basically the same as for 
ihes.imo .IS Kupushi pushing, i.e., apply force in line with the center of gravity of 
the object, apply force in the desired direction of movement, 
and -"Keep the body in prv)per alignment so that the force 
generated by the musculature will be applied in an effective 
manner. Arm action will be sufficient to move an object when 
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In liM ro.hr liiruHnr lh(^ i<»MMtHU p in li^^l)t. I hcivlei (ih|(M h llir luuly iiiiht hi^ 
puilinHf MMMnih<li>*< iiIiM'hmI hi .illow thr \v\\u tu dnvi'lnp lUt^ini (ni( p tni piih 
vvltUh vU>hl iih^inutin hi |hiII nh|iM t \\\)\\\\ itu tin linn) (iVi<ih(M<l. 

(oruMMul .t|)|ilv \\^\\\{\^ Imm' U)\\\v t m) ih»U ihi' l(»r< ( tin l)r applind in 

loriv In Hm' ilimtinn dnw nWMnl HinM linn In ,ri nmat »MlnfV^'»' pnvuliln, I hn l)ntlv 
voM wish \\w wriKliI < «in Mispi'ndrd itn lh<» nhini I il nni nvhiis liv lilliiiM 

10 innvc tl)tMr(M ntltlu' lloiH In .ippis •) llnii/onMl Inn v pl.u 0 \\]v 

III a l(u\v,ii(l .111(1 Im( k siridr pitMtinn, I sUMisinn n| ihn lovvtM 
hnihs ( AW \)v mmmI U) supph^incnl \Uv Inn n nl tlu' uppnr IhkIn 
»)( lini) wlti*n ninn* IniA c is ntM^diMl, 



Why? 



IncriMsin^ Ihe vortic jI 
component of J(irc e 
dorr<Msrs the 
horizontal coniporUMil 



()!))('( Is ( ,11) lu» pullcMl .Kinss ilu^ siippnilinK, suif.Kn hy 
t.u iiiji.uv.iv I HMD ilnM)l)j(U I. liu* ,.lM|nniin.d nuisi kiu»p llir 
tnink in siif'Jit Iniw.inl fIt'Sion ,is body In.ins InrvviUd Irniu 
Ihi' ,M)kli's, Sonu linu's it isih'sii.i' Ir tn pull ,uinl)joi I by Uw\\}\\ 
il. Ihis ii»(iuiirs ni(Ui' I'llorl hy llu^ i^sliMisnr nuisclcs of tlu' 
h,\i k. I hn InwiM liinhs ,iio in ,i }\{un\ posilion In t\|)ply Umo, 
I luMi^ is .1 ikuififM ol'lnsiny' htiL\iu (^ .uul l.illiiif; h.u kvvard il" tln^ 
()hj(n t should sutld(Mily ht^f'in lo ninyo unoxportodly. Should 
yon Mil !),»( kwiuti try lo ,iv(ti(l puUiof^ Iho h.uids h,u k to c.Uc li 
yotns(»ll '>iiu llin K^sult nit^hl 1)0 ,i l)rok(Mi wrist. This injury 
tri'()U(MUlv i U'olvi's tin* n.ivic uLir hono of tlio wrisl. I liis hono 
Utkos a vi»rv lony; tiiiiv lo luvil hcc:aus(* of its [)oor hinod 
sup[>ly. Iry tn prt'vcnl the loss ol Inilaiuo tind ftilliny^ l)tuk- 
Wiird hy havili^ tlu* tool in .i strong lorWtird and Ikk k stride 
position. Tliis siridt* ()(>sition widons Iho l)aso of supf^ort in llio 
diro( lion of rnovonUMil vvlii( li in.ikos il nioro diffic ull for llio 
( oiitiM nl iv^wily lo inov<^ lu'yond llu^ roar foot. 

Pulhn^; hits tlio advanla^o of roduc in^ tho fric tion hotwoon 
tin* oh|0(-| ,111(1 tlu» supfiortinj; surf,Kt» duo lo tfio lifting coni- 
[)nnont of lore o. Bui roiiUMihor, as tlio upward ( oinpononl is 
inc riMsodllio liori/oiUal ( oniponont isdccroasod. If you olini- 
inato iho liori/ontal conipoiionl c ()nif)lololy you are lifting, 
not f)ullifi^! Somo paroiits dump Ihoir childron backward out 
of ihoir wagons c|uite unintentionally because the tall adult 
holding on to the short handle of the wagon produces a large 
vortical component, of force. If the weight of the child is 
concentrated behind the roar w heels of the wagon, little foice 
is needed to cause the front of the wagon to rise. A tall person 
can pull a wagon or sled more easily if a rope isattached to the 
handle. This increases the horizontal force and reduces the 
vertical component. , 



83 



91 



VVhpllliM il is iiinrv iiMil Id push (W In pull lUi nh)(H l 
(ti»(HM)(lN upon lh(» n.iUifv nl MipporlinH Mirhu llu' pui^ 
|U)MM)l lh(» ♦!( livilv, »i(ul llu» .iiDouni ul .w.HKihh^ Unw whirh 
( t)M ht* ^)|)pluMl Id lh(Mil)|iH I, I hp nioip Iom p (h,u is .)|)pli<Ml in 
llu» ili'siivd iliMHiMin (il mnvcnuMil, Ihc innin PlIirMMil Ihn 
inuvi'inpnl 



Wlu^t Else? 

i tiiiv mil nhjiu is .iiK^lluM (l.iily sisill |h,(| (liMM.inds .iIUmv 
linn li> nu'ilitinit piliK Iptcs, Wp i iiny siu ks ol f^rot (mIps, 
Si IuidI l)(M)ks, rtvni l),iKs, iiiul Hi)ll"( tiihs, ('urv»\Uir(M)( ihp s|)inp 
(k'volnp ih)l))rrls tilvviiys r,irrit'(t on llip Siiino side of 
\\\v l)(i(lv lui »i ppiiod ol yc.irs, l h(» luMvicr llic ol)j(H I \\\v nioio 
likely diis is lo on .r, Hoys fiiiN who ddivpr [),ip(Ms 
should shill llu' shoulders on wlii( h \ho pi\por Ua^ Is ( Mri iod, 
S()ni(» fU'vvspjpur conipiuiics luiv(» (h^sly^ncd Im^s |o |H ovor 
holh sh(Hild(»rs so th.W Iho pouc ht's jri* In llir I'ronI .ind on llio 
l)i)( kof lluM lilld. I his ls(Msi(»rfor lh(MniUnl(Miiiiu:cM)l'l)iil«in(:(« 
thiin t iHiyinf; llu* Piipcrs on ono sid(S liuropiNin riiildron for 
ypiHs h.wc lu'cn < iiiiyin^ llu'lr liooks on ihoir hjcks. riu' uso 
of kn^ipsiK ks iind l)ook 1)m^s is iru nMsinn in ihls country l)Ul 
flow nuiny tinios do you still s(»(> Iho Iki^ slun^ oV(*r one* 
shoulder r^llu^r iluin hoin^^ worn on ifio hiU k^ 



How? 



Carry i\ load as iusu (o 
your lino of gr itvity as 

SwIhKiiiK or swiiyinK 
loach arc moro tliffkult 
\o carry 



Leaning th« tody away 
^ from xUe load 
C04jnleract$ the pull oi 
Xht load 



CiUryin^ is tlu* iKiltincin^ of iin ohjoct onct* il hiis becMi 
lifUMl. C'lury ii loiul os to the lino of ^rtivity of the l)ody 
possihk\ I fiis reduces Ihe rotijtioniil niovenienl of the object, 
r.ven a Unht wcMj^ht is difficult lo hold iind carry if it is hold tit 
some length tiway. from the Ixxly. The object that you are 
carrying is now a part of ihe total weig'^'c that must bo balanced 
over your feet. Carry the load as a part of your body and not as 
somelhing that has motion independent of your body. Swing- 
ing and swaying motions cause a disturbance of equilibrium 
and make walkinj; very difficult. You must keep the center of 
gravity of ihe body a nd the object over i:he baie of support, 
usually the feet. Heavy objects require you to lean away from 
the object to counterbalance its weight and keep the new 
ceriter of gravity over your base. Sometimes the lean is ac- 
companied by holding the opposite arm out to the side if the 
object is c|Uite heavy such as a piece of luggage. 
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I hi»M poMliun in whi( h Im ♦nry siuni'lhiiiH ♦♦hp whit h 
1 UNih»^ ihi» UuvA ^>lhun HI) ihp hndv: Ihh |i(hilM)n will ht* 
ililliHonl Ini viuioih indtviilinhi Hi^i^'niNiiK upoo ihoii 
Iii'IhIiI' sImmi^uI^. tiiMl * ^iluM l.u lois \vhi( h inlhuMX llu» 
\VM\ in whii h .in nh|»M I is ( .irrKMl is ihc dlsKini r lh»il is 
iMNcisiMi, I ho pi ini i[)h'st(M ( »u i vin}WUM ihi^'t UiMMhr stunthis 
lhns(» (ni ni.UMi.iinini* r(|iiilihiiiMn whit h wrio (lis( iissrd in 
( h»iph'f I 

VVhrn i .iiivnu; sonu'ihini; yiui li.ivc hMnp(n»itilv hri onu^ a 
ililhMPiii vvt'ifihl Miiil Ihivr iUllltPMM)! sh.ipp, lull Iho prln( Iph^ 
ol h.iLint (' .iiv slill lh(< s.inii<^ 



ft ^ 



CI-IAPTtR FOUR 

heatth 




What Else Have You Got To Help Me? 



"( )li Im)v. do I luwo ii l)iu kiU h(»." "I liiivi» to Liy oil piiU lico 
lodiiy. I liiivr a nuisi k* striiiii," "I s[)riiino(l my dnklo yoslcr- 
(Kiv." riu'so sUiUMm»n(s c tin l)o luMrd (Kijly. ()l)viously niovo- 
nicnl inif)ro()crly doiio i iin nidkr you physic .illy ivc\ had or 
\i\\wv you unsiKisliod with tlu* results. 

Vou iiHi k»ss(Mi tlio t htiiuc of injury if you [)rcU(it o the 
iirulorlving prim ipl(^s ^overnin^ ct'tic ioni movement, When 
you f)racti( e these principles you will reduce tfie possibility 
lor joint Injury and muscle strain. Also when movemont is 
(lone with (proper mechanics it becomes easier on the muscles 
and joint structures. Therefore, you Ctin do more things and 
use le>s energy. When you use vour body improperly the 
harmony is violated and you can injure it or move it inotfec- 
lively. 
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iomnuiMMo iMiiii\ h)|M(v ti^h tu^^ *il^f) miMimuiHl wlu^n i^Minl i^o^tv 



Now Do I t It? 

mlMieMhMfl^KiW pi^iHU iDi^t h.M f > shnulil dhsi^rvi^d M ♦ill tinu^^^aiHl Miuulil 
iniurv luuniiiM A \\vh (it \\\M\ ^) WhW uMiM MHh (hnuiOn nol 

tli^t ihM^il in iMrlUii p»iH^^''' 

I) U^ii' ihi' '^irofiHt^M inustloH of (ho Ih)*Iv U) \m\'\' luMvy 

\) Kpt»|) iIh» ^piiio in Konil tilinnnuMU, 

•t) Ktu'p llu» lovvi'r |),u k llol wlum (li)inH Mi nps lind punlvup^, 

M Kot'p Iho body in linu with llu^ hfHuh wIhm» pihUiOH ami 

pulllnH' 

?) Kiv\) llu* tot^s poinlInK stMinhl iiIumh ^'kinn* »un- 

nin^, lUul jiunplnH. 



Why Does it Happen that Way? 



The ty|)tf ol |oiul 

upon thv ^itruiturc of 
th«> joint 



SynovUI ftuul 
the joints 



"oiK" 



A joint is fornuul whorotwo v)r f'uxo '^^^^^ • onu> toBi>ther, 
riu* bows af(» hold in tho oppro'-' " roKulonshIp to t?aeh 
oilu^r hy llH.tnuMits, n)im:\o UMhioi'. by alniosphi>rl<: pros- 
sm\ rhe slruc turo of theoiuU ol iho l)ont?s, the? way In which 
they articulator and tho location of liKamont*i and cartilage 
p.ids dotortninos tho tyj)e of action possible af tho joint. 

I lie joints which porrnit approciabU? movemoni arc callod 
tl o r'roely movable or synovial foints, Iheso joints are 
( harjctorizod by a joint c avity, that s, a slinhl spaco between 
tno bones. This spate is enclosed oy a thin synovial nuw- 
brano which secretes synovial fluid. The synovial fluid re- 
duces the friction as the joint moves and may therefore be 
thought of as the "oil" of the joint. Trauma to a joint may 
cause an excess secretion of synovial fluid which causes 
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Ugamentii are inelastic 



Cartilage protects the 
ends of bones by 
reducing friction 

Fibrous cartilage pads 
help fo absorb shock 
between the bones 



Abnormal stresses lead 
to arthritis 



Keep a flat or rounded 
lower back when 
exercising 

Abdominal muscles 
must be strong enough 
to stabilize the pelvis 
against the pull of the 
strong hip flexors 



swelling and reduced range of motion at the joint. The thin 
synovial membrane is reinforced by a fibrous articular cap- 
sule. Ligaments often reinforce the articular capsule. 

Ligaments are tough, inelastic tissue which do not contract. 
Injuries to ligaments allow an increased range of motion at the 
joint. This can, over the years, over-stress surrounding struc- 
tures and lead to arthritis of the joint. Once a ligament has 
been stretched it does not return to its original length. 

There are two types of cartilage foiind in some joints, A 
hard, shiny cartilage (hyaline) covers the ends of the bones in 
all joints. This type of cartilage reduces friction upon move- 
ment. When this cartilage is disrupted, arthritis re- 
sults. The second type of cartilage, fibrous, forms a pad be- 
tween the bones of certain joints, notably the knee and be- 
tween the vertebrae of the,spinal column. These fibrous cartil- 
age pads serve as shock absorbers among other things and at 
the knee serve to reduce the amount of movement between 
the tibia and the femur. 

Repeated abnormal stresses to a joint can lead to bony 
changes at the joint. A bone responds to stress by increasing 
its bone cell production. Therefore excess stress to bones at 
joints can lead to the production of bone spurs and other 
nodules of bone around the joint. This extra bone growth is 
called exostosis. These outgrowths of bone can interfere with 
normal movement at a joint and may lead to pain upon 
movement. 

The lower back is an area where many people experience 
pain and discomfort following activity. A rule to follow is to 
keep a flat or rounded lower back when exercising. If the 
lower back hollows when doing sit-ups or any type of activity 
involving movement of the lower limbs against the pelvis, that 
particular exercise or maneuver is too difficult for you at that 
time. TInere is a strong muscle inside the abdominal cavity 
wh ich attaches to the vertebrae of the lumbar area of the spine 
and to the femur. This is the psoas major muscle. The psoas 
crosses the hip joint and produces flexion at the hip joint and 
hyperextends (hollows) the lumbar area of the spine. The 
abdominal muscles must stabilize the position of the pelvis 
and counteract the tendency of the psoas to tilt the pelvis 
forward. When the abdominals are too weak to negate the 
action of the psoas in tilting the pelvis forward the lower back 
arches. To continue to exercise with a hollowed lower back 
tends to further strengthen the psoas and increases the imba- 
lance between the strength of the anterior abdominal muscles 
and the psoas. 
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Keep the luwer back 
flat when working to 
Mrengthen the 
abdominals 



When doing sit-ups, curl the lower back, and when doing 
any type of leg exercises from a back lying position keep the 
/ovver back on the floor. When doing push-ups there is a 
tendency to let the abdomen sag by giving in to gravity; this 
also causes an arching of the lower back. Keep the back flat 
Keeping the back fiat is an excellent way to exercise the 
abdominal muscles. You do not see very many people with 
flat abdominal walls and hollow backs. The abdominals are 
really responsible for maintaining the contour of the lower 
back- 
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Where Can I Find More Information? 



Broer, Marion R. An Introduction to Kinesiology, Englevvood Cliffs. NJ: Prentice- 
Hall. Inc., 1968. 

Broer, Marion R.; and Zernicke, Ronald F. Efficiency of Human Movement. 4th ed, 

Philadelphia: W. B. Saunders Company, 1979. 
Dyson, Geoffrey H. C, The Mechanics of Athletics, 7ih ed. Nen' York: Holmes and 

Meier Publishers, 1977. 
Rasch. Phillip; and Burke, Roger. Kinesiology and Applied Anatomy^ 6th ed. 
Philadelphia: Lea:&^ebiger, 1978. 



Wells, Katherine; and-Luttgens, Kathryn. Kinesiology: Scientific Basis of Human 
Motion. 6th ed. Philadelphia: VV. 8. Saunders Company, 1976. 
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